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gardeniae n. sp., gardenia leaf spot due 
to, 194 

maculieola, in cauliflower, notes, 347 
malvaeearum, wind dissemination, 4 
pruni, in peach, overwintering in buds, 12 
rhizogenes, comparative physiology, 964 
savastanoi, oleaceous hosts (exp.), 361 
sepedonica, in potato, control, by iodine 
seed treatment, 954 
‘^seed” treatments for, 7 
differentiation by fluorescence, 10, 
569 ’ ' 

dissemination, 14 
tomato infection (exp.) by, 14 
stewartii, in corn, susceptibility and age 
relations of dent inbreds, 7 
tumefaciens, in almond trees, chemical 
eradication, 956 
comparative physiology, 964 
crown gall groAvth substance relations, 
19 " ' 

host-parasite and temp, relations on 
various hosts, 972 
pathogenicity, basis, 964 
in sunflower, secondary tumor and 
strand develoinnent in, 135 
in tomato, infection mechanism, mi- 
crugieal study, 11 

tumor formation by, mechanism of 
primary vs. secondary, 148 
vesicatoria, variations in strains, 753 


Phytopathology, errata (vol. 30), 377 
Phytopathology, manual, revie’w, 960 
Phytophthora eactorum, bleeding canker of 
hard^voods due to, control by tree in- 
jection, 12 

infestans on potato, control by silver 
s|)rays, 17 

Phytoviraceae new family (viruses), 23 
Phytovirus n. gen. (viruses), 23 
nicomosaicum var. vulgare n. nom. 
(= tobacco mosaic virus), 23 
Picea abies, mycorhizas of, in Germany, 568 
Pierce’s grapevine disease, development 
and spread, 862 

Pine, longleaf- (see Pinus palustris) 
-lumber, staining in chemically treated, 
fungi associated, 272 
western white- (see Pinus monticola) 
\vestern yellow- (see Pinus poiiderosa) 
Pineapple, root knot parasitism in leaves 
and stems, 637 
Pink root, onion Plioma, 907 
Pinus spp., Gunninghamella root disease 
(new), 1063 

fungi in trunks in natural and arti- 
ficial stands, 25 

mycorhizas of, in Germany, 568 
root, crown and butt fungi, suscepti- 
bility in artificial vs. natural stands, 
25 ' 


Systremma brown spot needle disease, 
distribution and general study, 61 
monticola, Armillaria me||ea from, vari- 
ations in culture, 803 ■ 

X3alustris, damping-off symptoms, associ- 
ated fungi and control, 1011 
ponderosa, liquid conduction route in, 
silver nitrate stain showing, 1035 
PmoNE, P. P., (6), 18, 100, 192, 960 
Pisum virus-2, isomeric crystals produced 
by, 760 

Pit-scab, |)otato Actinomyces, 9 
Plakidas, a. G., 18, 93, 225 
Planetree (see Platanus) 

Plantago lanceolata, mosaic (new var.) 
from, 1089 

major, mosaic (new var.) from, 1089 
Plantain, broad-leaved (see Plantago 
major) 

Plants, virus behavior in roots vs. aerial 
parts, 575 

Plasmodiophora brassicae, on cabbage, con- 
trol by mercurials, 18 
Platanus spp., Ceratostomella canker, trans- 
mission and control, 23 
London plane tree var., rosy canker, 
illuminating-gas injury associated, 
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Plectus spp., Harposporium 
jDarasitizing, 797 
Nematoetonus leiosporus 
780 


oxycoracum 

X)arasitizing, 


Xjaivus, Acrostaiagmus bactrosporus par- 
asitizing, 782 

Acrostalagmus obovatus j)arasitizing, 
784 

Cephalosporium balanoides parasitiz- 
ing, 786 
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Harposporiuiii clieeraeiim parasitizing, 
799 

Spiearia eoecospora parasitizing, 787 
Pleiirotus ostreatiis, growth rate, compari- 
sons, 826 

uimariiis, growth rate, comparisons, 826 
Plum, Abundance, virus diseases of, 1004 
myrobalan, peach ring rot grafted into, 
*860 

peach mosaic on, 323 
Plummer, Berxie E., Jr., 812 
Poa annua, fungus disease (new), Ciirvula- 
ria or Helminthosporium causing, 24 
pratensis, Helminthosporium leaf spot, 
breeding for resistance, 1 
Podosphaera spp., eonidia, substances stim- 
ulating, 865 

Poinsettia, Sphaceloma scab, pathology and 
etiology, 947 

Pollen, air-borne populations, a]3praisal 
techniques, 201 
Poplar (see Populus) 

Populus spp., Mycosphaerclla popiilicola 
leaf spot (new), 250 
Myeosphaerella populorum leaf spot 
(new), 242 

Portraits, Collins, James Pranklin, 475 
Gilbert, William Williams, 961 
Kock, Gustav, 867 
Metcalf, Haven, facing p. 289 
Portulaca oleracea, root knot parasitism in 
leaves and stems, 636 

Potassium deficiency, in cotton, symptoms, 
771 

Potato, Aetinomyees pit-scab, insect and 
saprophyte role, 9 
control by iodine, 954 
cyto- and histopathology, 702 
bacterial ring rot, control, by iodine 
' ' seed ’ ^ treatment, 954 
^ ‘ seed ’ ’ treatments for, 7 
diagnosis, by fluorescence, 10 
nonspecificity, 569 
dissemination, 14 
tomato exj). infection, 14 
blue-stem, varietal reactions to, 5 
Erysiphe powdery mildew of, 357 
fluorescence of diseased, nonspecificity, 
569 

Pusarium stem-end rot, diagnosis, 569 
leaf roll, yield losses by, determination 
method, 3 

Phytophthora infestans on, control by 
silver sprays, 17 

purple-top wilt, varietal reactions to, 5 
Ehizoctonia on, control by tuber disin- 
fection, 812 

Phizoctonia isolates from sugar beet vs,, 
pathogenicity, 49, 274 
ring-spot virus, behavior in roots vs- 
aerial parts of exp. hosts, 577 
spindling sprout, nature, 340 
tubers, shape, determination method, 184 
shape and development, spindle-tuber 
diagnostic value, 181 
disinfection by acidulated HgGh>, ad- 
vantages, 812 


tuber pathogens, Botrytis and Sclerotinia 
as, 439 

varieties, characterization by tuber di- 
mensions, 184 

viruses, movement and route, 7 
Xylaria tuber rot, 936 
yellow dwarf, virus, ^ longevity, ’ ^ fac- 
tors influencing, 3 
purification, 3 

transmission by clover leaf hopper, 
hereditary variation in, 3 
yields vs. missing plants, determination 
method, 3 

Pratylenchus pratensis, feeding before and 
during root entry, 862 
Presley, John T.," 1135 
Price, W. C., (21), 756 
Proctor, B. E., 201, 213 
Protein, virus-, properties in alfalfa mosaic, 
394 

quantitative determination technique, 
980 

Prune, Prench, diamond canker of, virus 
etiology (f), symptoms and bud and 
graft transmission, 886 
Prune, mosaic, peach infection (exp,), 355 
Italian-, Sclerotinia spp. on, 726 
vein clearing virosis (new), 464 
pruiii (Phytomonas), 12 
Primus spp., Armillaria root rot, temp, re- 
lations, 3 

buckskin of, distribution, pathology 
and virus strains, 916 
line-pattern virosis (new) of, distribu- 
tion relationships and general study, 
1004 

Iieach mosaic on, 323, 326 
Tranzsclielia xiruiii-spinosae discolor 
from, uredo- and teiiospore germina- 
tion, 189 

vein clearing virosis (new), 463 
virus disease (new) of, 14 
cerasus, virus disease (new) of, 14 
demissa, buckskin disease, 921 
virosis (new) resembling X-disease, 19 
doinestiea, diamond canker of Agen var., 
virus etiology (?), symptoms and bud 
and graft transmission, 886 
mariana, Chalarox)sis stem infection 
(exp.), 859 

Prunus virus- 7, mottle leaf virosis due to, 
467 

Prunus virus-8, vein clearing virosis due to, 
467 

Pryor, Dean E., (534), 863 
Psendocoecus comstocki, fungus (new) 
parasitizing, 5 

Pseudomonas group, Phytomonas gardeniae 
ill, 194 

Pseudojieronospora spx>., sulphur fungicide 
effects on, 865 

cubensis, on cantaloupe, control by 
fungicidal dusts, 769 
liumuli, on hops, sj^orulation injury by, 
741 

Pseudopeziza medieaginis, alfalfa resistance 
to, 765 

meliloti, sweet clover resistance to, 766 
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Psorosis, citriiS', diamond canker of Freneli 
prune compared, 895 
heat resistance of virus- A, 861 
Pteridovirus n. gen. (viruses), 23 
Puccinia coronata, flexuous hyplial fusions 
in, 4 

graminis, flexuous hyphal fusions in, 4 
teliospores, longevity in laboratorv, 
197 

tritici, urediospores, medium for germi- 
nation, 952 

on wheat, resistance, inheritance in 
crosses with Kenya vars., 558 
helianthi, flexuous hyplial fusions in, 4 
polysora, on corn, and distribution, 856 
on teosinte, 856 
sorghi, on corn, 856 

suaveolens, on Cirsium arvense, systemic 
mycelia, urediospore origin, 4 
heterothallism in, 4 
triticina, physiologic races in Okla., 5 
Pullularia spp., in chemicallly treated- 
lumber stain, 272 

Pumpkin, curly top reactions, 860 
Purple-top wilt, ]iotato-, varietal reactions 
to, 5 

Pythium spp., absence in damping off of 
longleaf pine, 1012 

canning-pea root rot due to, control by 
^^Spergon^^ seed protectant, 20 
on cotton, 160 

rhubarb crown rot due to, 863 
tomato dainping-oft* due to, control in 
transplants from sand, 2 
debaryanum, dainping-ofl of broadleaf 
seedlings by, rotation effects and con- 
trol, 857 

marsipium n. sp,, infection in waterlily 
leaves, 505 

morphology, cytology and life history, 
492 

oedocMlum, morphology, life history and 
cytology, 478 

palingenes, morphology, cytology, and 
life history, 486 

Quarantines, on fruits and vegetables from 
Hawaii, 570 

Qiiercus spp., heartrots, differentiation 
methods, 6 

-Hicoria stands, defects in, in Iowa, 99 
Phytophthora canker, control by tree 
injection, 12 

agrifolia, Phytophthora bleeding canker, 
863 

palustris, chlorosis, control by tree in- 
jections vs. soil treatments, 18 
virginiana, Phytophthora bleeding can- 
ker, 863 

Quince, Chalaropsis stem infection (exp.), 
859 , ^ 

Babbits, plant injuries by, control, 23 
radiobaeter (Bacillus), 964 
Bamsey, Glen B., 439 
Bamiilaria tulasnei, Mycosphaerella fraga- 
riae as perfect stage of, 239 


Eankin, W . Howard, 19 
‘ ^ Batsnest ’ ^ compost, boron deficient in, 
468 

Bawlins, T. E., (864), 916 
Beadio, Philip A., (657) 

Bed scale, on lemon, Bacillus ^ C ’ ’ destroy- 
ing, 864 

Beports, American Phytopathologieal So- 
ciety, annual meeting (1940), 362 
Pacific Division meeting (1941), 859 
Southern Division meeting (1941) , 767 
Besinous excrescences, on citrus, 861 
Besistance (see also Immunity) 
alfalfa, to fungus parasites, 765 
Allium spp., to smut, 9 
barley, to Ustilago nuda, 351 
bean, to rust, 26 

to tobacco mosaic virus, 430 
cantaloupe, to po'vvdery mildew, 863 
corn, to Basisporium gallarum, 21 
cotton, to Fusarium wilt, 771, 1099 
to Phymatotrichum root rot, 452 
to root knot, 771, 1099 
cucurbits, to curly top, 860 
elms, to Ceratostomeila ulini, 759 
to Dutch elm disease, 21 
flax, to Fusarium wilt, 4 
grasses, to diseases, 1 
lettuce, to Erysiphe cichoracearum, 534 
red clover, to fungus parasites, 766 
rice, to Cercospora leaf spot, 19 
sugar beet, to curly top, 861 
sweet clover, to fungus parasites, 766 
tobacco, to mosaic, 1140 
tomato, to Fusarium wilt, root knot ef- 
fects on, 749 g 

wheat, to stem rust, 558 
Bespiration, plant-cell-, nitrogen starvation 
effects on, 981 

tobacco mosaic virus effect on, 25 
Beviews, book-, botany textbook, 677 
defects in oak-hickory stands, 99 
diseases of cereal and forage plants in 
northern U.S.A., 200 
diseases of vegetable crops, 98 
insect transmission of plant diseases, 
98 ' 

parasitic plant diseases, 100 
phytopathology manual, 960 
Bhabditis spp., Harposporium helicoides 
parasitizing, 795 

Meria coniospora parasitizing, 793 
ISTematoctonus leiosporus parasitizing, 

Bhizoctonia spp., annual stock foot rot due 
to, 87 

canning-pea root rot due to, control 
by ^^Spergon'^ as seed protectant, 
20 

in damping-off on longleaf pine, 1011 
tomato damxflng-off by, control in 
transplants from sand, 2 
solani, comparison of potato and sugar 
beet isolates, 274 

on cotton, seedling and boll injury as- 
sociation, 160 

seedling survival statistics, 1078 
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damping-off of iDroadleaf seedlings by, 
rotation effects and control, 857 
on holly, defoliation of cuttings by, 
and control, 6 
inold-toxin effects on, 991 
pathogenicity of isolates from potato 
vs. sugar beet, 49 
potato tuber disinfection for, 812 
sweet clover root rot due to, distribu- 
tion, importance and other hosts, 673 
rhizogenes (Phytonionas), 964 
Rhizoglyphus spp., potato pit-scab role, 9 
Rhizosis, date palm Ceratostomella (?), 
1123 , 

Rhubarb, Pythium crown rot, 863 
Ribes vulgare, white pine blister rust on, 
relative susceptibility and potential in- 
oculum volume, 732 
Rib grass (see Plantago laneeolata) 

Rice, Cercospora leaf spot, resistance to, 
linkage of factors for, 19 
Leptosphaeria stem rot, sclerotial lon- 
gevity, 279 
Richards, B. L., 19 
Riciiius sp., invading overgrowths in, 15 
Rickettsia, as virus genus, 23 
Rickettsiaeeae, as virus family, 23 
Bigler, Neil E., (149) 

Biker, A. J., 19, 964 
Bing rot, peach virosis, 860 

potato bacterial-, 7, 10, 14, 569, 954 
Bing spot, potato-, virus behavior in roots 
vs. aerial parts of exp. hosts, 577 
tobacco-, ^ ^ acquired immunity rela- 
tions,” 533, 1059 
effect on pollen and seed set, 527 
symptoms in recovered” plants, 23, 
523 

virus, activity measurement by local 
lesion method, accuracy, 21 
behavior in roots vs. aerial iiarts of 
exp. hosts, 577 
distinct strains of, 522 
tobacco broad-, virus behavior in roots 
vs. aerial parts of exp. hosts, 577 
Bodenhiser, H. a., 175 
Rodents, injurious, control, current re- 
search, 23 

Root diseases, pine-, 25, 803, 1063 
Root knot (see Heterodera marioni) 

Root rots (see also Rots) 
Armillaria-indueed, 3 
barnyard grass-, 832 
citrus Armillaria, 859 
Clytocybe, of pear and tung trees, 93 
cotton Phymatotrichum, 358, 452 
pea-, 20 

sugar beet Rhizoctonia, 49 
sweet clover Rhizoctonia, 673 
tobacco Thielaviopsis black-, 6 
wheat-, 379 

Boots, nematode feeding before and during 
entry of, 862 

nematodes parasitizing aerial parts vs., 
morphological comparisons, 645 
pathogens entering via, solution-culture 
infection methods for, 549 


virus behavior in aerial parts vs., 575 . 
virus concentration in extracts of, 591 
viruses in extracts of, thermal inactiva- 
tion, 594 

viruses inoculated into, factors influenc- 
ing movement, 589 

Rootstocks, rodent damage to, control, 23 
Rosa spp., Chalaropsis stem infection 
(exp.), 859 

Rose, Ghalaropsis-induced biid-uiiion fail- 
ures, 859 

powdery mildew, control as influenced by 
wetting agents in greenhouse, 16 
Ross, A, Prank, 394, 410 
Rotations, crop-, effect on damping off of 
broadleaf seedlings, 857 
for tobacco bacterial Grranville wilt 
control, 20 

Roth, Elmer R., (6) 

Rots (see also Root rots; Ileartrots) 
Barbarea vulgaris black-, 347 
barnyard grass basal stem-, 832 
celery Cercospora greenish black-, 17 
cherry Sclerotinia spp. brown-, 469 
cordwood-, 22 
corn Basisporiuin cob-, 21 
cotton boll-, anthracnose and angular 
leaf spot organisms associated in, 24 
fungi associated, 158, 769 
cotton southern sclerotial, 944 
crucifer bacterial black-, 347 
Pomes fomentarius wood-, 11 
grape (muscadine) black, 767 
grape (muscadine) Macrophoma soft-, 
768 

grape (muscadine) Melancoiiium bitter-, 
768 

lupine Piisarium hypocotyl-, 771 
potato bacterial ring-, 7, 10, 14, 569, 954 
on tomato, 14 

potato Pusarium stem-end-, 569 
potato tuber-, Botrytis and Sclerotinia 
causing, 439 

potato Xylaria tuber-, 936 
rhubarb Pythium crown-, 863 
rice Leptosphaeria stem-, 279 
stone-fruit Sclerotinia brown-, 718 
sugar cane red-, 767 
tomato Phoinopsis, 24 
Rotylenchus erythinae, feeding before and 
during root entry, 862 
reniformis, on cotton, distribution in 
regional "wilt plats, 771 
feeding before and during root entry, 
862 

Ruehle, Geo, D., 95, 936, 947 
Rugose mosaic, potato-, virus movement and 
route, 7 

Rumbold, Caroline T., 19 

Russula fragilis, mycorhizal, on pine, 568 

Busts, bean-, 26 

of Girsium arvense, Pueeinia suaveolens 
causing, 4 
corn-, 856 
flax-, 852 

on Prunus spp., Tranzschelia primi- 
spinosae discolor-indiieed, 189 
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wheat leaf-, 5 
wheat stem-, 197, 558, 952 
white clover IJromyces leaf-, 554 
white pine blister- (see Croiiartiiim 
ribicola) 

Eye, stem smut, infection and development 
"factors and control, 617 
Eyker, T. C., 19 

Salix spp., blight of, Physalospora vs. Fusi- 
cladium as cause in Canada, 1056 
Saltation, in Ventiiria inaequalis, 1142 
ill Yerticilbum albo-atrum, 1135 
Salvia splendens, tobacco ring-spot inocu- 
lations, 580 

Sampson, H. C., (677) 

Sapwood rot, by Fomes fomentarius, 11 
savastanoi (Bacterium), 361 
(Pliytonionas), 361 
Scab, apple Venturia, 7, 13, 296, 1142 
poinsettia Sphaeeloma, 947 
potato Actinomyces, 702, 954 
potato Actinomyces pit-, 9 
scabies (Actinomyces), 9, 702, 954 
Scale, red-, on citrus. Bacillus de- 

stroying, 864 

Sclerospora macrosjiora, on oats in Miss., 
768 

Sclerotia, of Leptospliaeria salvinii, lon- 
gevity, 279 

Selerotinia spp., as potato tuber pathogens, 
439 

americana, mold toxin effects on, 1002 
fructicola, apothecia, factors influencing 
development, 1023 
conidial respiration, 9 
hosts, host relations and cross inocu- 
lations in W. Washington, 718 
on sweet cherry, incidence in Ore., 469 
laxa, hosts, host relations and cross in- 
oculations in W. Washington, 718 
on sweet cherry, incidence in Ore., 469 
Selerotium spp., on cotton, 160 
rolfsii, on cotton in Arizona, 944 
sugar beet infection, 946 
Scolytus multistriatus, as vector of Dutch 
elm disease, 19, 657 
Scott, C. Emlen, (14) 

Sedum sp., crown gall on, temp, relations, 
976 

Seed transmission of : Cercospora sesami, 
770 

cowpea mosaic, 424 

Seed treatment, benne, for Cercospora 
blight, 770 

cereal, by Oklahoma hot-water seed 
treater, custom operation, 5 
cotton-, germination vs. storage, 768 
by organic mercurials, 768 
for seedling diseases, 1078 
tests in 1940, 769 

for pea root rot, by ^^Spergon,^’ 20 
potato, for bacterial ring rot, 7, 954 
wheat, for root rots, 379 
for seed-borne diseases, 392 
Seedling diseases, cotton-, 1078 
Selenox)homa bromigena, spore germina- 
tion, types and factors influencing, 953 
Semeniuk, G., 20 


sepedoniea (Phytomonas), 7, 10, 14, 954 
sepedonicum (Bacterium), 569 
Serological tests, of crown gall, hairy root 
and radiobacter organisms, 968 
Septoria miisiva, Mycosphaerella popii- 
lorum as perfect stage, 241 
populicola, Mycosphaerella p. as perfect 
stage, 241 

Sesamum indicum, Cercospora Iflight, con- 
trol by hot water seed treatment, 770 
Severe ’etch, virus beliavior in roots vs. 

aerial parts of exp. hosts, 577 
Shanoe, L., (1) 

Shapovalov, Michael, 864 
Sharvelle, E. G., 20 
Shay’’, K. J., 21, (6) 

Shaw, Luther, 770 
Shema, B. F., (20) 

Sherbakopf, C. D., 770 
Shot-hole, celery Marssonia, 17 
Show alter, J. W., (10) 

Silbersghmidt, K., 430 
Silktree (see Albizzia julibrissin) 

Silver nitrate, liquid conduction route in 
wood shown by, 1035 

Silver sprays, fungicidal and adhesive 
properties, 17 

Single-spore cultures, terminology, 471 
^ ^ Single-spored, ’ ^ monosporous ’ ^ vs., 471 
Sinningia speciosa, boron deficiency disease 
of, cause," description and control, 467 
Smith, A. L., 771, 1099 
Smith, Clayton O., (189), 361 
Smith, Ealph E., 886 
Smith, T. E., 20, 21 
Smith, W. K., (765) 

Smucker, S. j., 21, 758 
Smut(s), of Allium spp., 9 
barley loose-, 22, 284, 351 
barley covered-, 175 
cereal loose-, 5 

corn Sorosporium, on male inflorescence, 
1046 

corn LTstilago, 333, 1051 
on male inflorescence, 1046 
grass-, sori from ovarial and staminal 
tissues, variations in, 1043 
variations in cultures of, 761 
rye stem-, 617 

sorghum covered kernel-, 254. 
wheat loose-, 24 
Snell, Walter H., 475, 732 
Snowmold, of grasses, basidiomycete caus- 
ing, 1058 

turf-, eastern form, Typhula itoana 
causing, 940 
Snyder, W. C., 1054 

Sodium dinitro-cresol, crown gall on al- 
monds controlled by, 956 
Sodium nitrate, effect on Fusarium oxy- 
sporum cubense, 564 

Soil, Fusarium oxysporum var. cubense 
growth in, 91 

Soil amendments, effect on apothecial de- 
velopment in Selerotinia, 1023 
Soil fumigants, for rodent control, 23 
Soil treatments, for chlorosis of pin oaks, 
18 
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in tobacco iDlant-beds, 6 
SOKOLOFFj V. P.j 864 
solanacearum (Bacterium), 20 
Solaiium spp., virus inoculations, 579, 580 
Sorgliiim, covered kernel smut, heritable 
lysis in germinating clilamydo spores, 
254 

Phoma terrestris infecting (exp.), 913 
Spliacelotheca smut sori on staminal tis- 
tues, diagnostic value, 1043 
Sorghum lialipense, Spliacelotheca sori on 
ovarial tissues, diagnostic value, 1043 
Sorosporium everhartii, on Andropogon 
furcatus, sori on ovarial and staminal 
tissues, diagnostic value, 1043 
reilianum, on corn male infLorescence, 
1046 

syntherismae, cultural variations in, 762 
Soybean, Phoma terrestris isolated from, 
914 

Ehizoetonia root rot, 674 
Specimens, demonstration-, storage and 
mounting technique, 763 
Spencer, Ernest L., 21 
‘ ^ Sp ergon, ^ ^ as seed protectant for canning 
peas, 20 

Sphaceloma sp., poinsettia scab due to, 
pathology, 947 

Spliacelotheca cruenta, on sorghum, sori 
on staminal and ovarial tissues, di- 
agnostic value, 1043 
on Sorghum halepense, sori on ovarial 
tissues, diagnostic value, 1043 
occideiitalis, on Andropogon furcatus, 
sori on ovarial tissues, diagnostic 
value, 1043 

sorghi, chlamydospores, heritable lysis in 
germinating, 254 

on sorghum, sori on staminal and 
ovarial tissues, diagnostic value, 
1043 

solopathogeiiicity vs. lethal crosses, 261 
paniei-miliacei, cultural variations in, 
762 

Sphaerotheca spp., eonidia, substances 
stimulatory to, 865 

on rose, control as influenced by wet- 
ting agents in greenhouse, 16 
Spicaria coccospora n. sp., nematodes para- 
sitized by, 787 

Spinach, dowuiy mildew, sporulation injury 
by, 741 

Phoma terrestris infecting (exp.), 913 
virus inoculations, 579, 580 
Spindle tuber, potato-, diagnosis by shape 
and development of tubers, 181 
Spindling sprout, potato-, nature, 340 
Spore-germination tests, of fungicides, 
duration of inhibition in, 24 
Spores, Ceratostomella, microagglutina- 
tion, 15 

fungus-, toxicity ratings of compounds 
by, 16 

Spot, pepper and tomato bacterial-, 753 
tomato bacterial-, 25, 753 
Sprays, coverage index vs. inoculum poten- 
tial, measurement technique and rela- 
tions, 7 


silver-, fungicidal and adhesive proper- 
ties, 17 

Squash, China-, curly top reactions of, 860 
Phoma terrestris infecting (exp.), 913 
Squash mosaic, virus, insects transmitting, 
and properties, 8 

Stagonospora ineliloti, alfalfa resistance to, 
766 

sweet clover resistance to, 766 
Stain fungi, Avood- (see under Wood stain- 

iag) 

Stain technique, for liquid conduction 
route in wood, 1035 
Stalk rots, corn-, 20 
Standen, J. H., 21 
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ABSTRACTS OF PAPERS ACCEPTED FOR PRESENTATION AT 
THE THIRTY-SECOND ANNUAL MEETING OP THE 
SOCIETY, PHILADELPHIA, PENNSYLVANIA, 
DECEMBER 27 TO 31, 1940 

(Note: Tlie arrangement of the abstracts is alphabetical by author or senior author.) 

The Trohlem of Controlling Certain Diseases of Forage Grasses hy Selection and 
Eyhridimtion. Aamodt, 0. S., 0. L. Leeebvre, and H. W. Johnson. The increased 
attention paid to pasture and meadow grasses in the past few years has revealed several 
diseases that present a definite handicap to the effective use of these grasses in certain 
localities. Sudan grass, of extreme value in dry regions, is almost worthless in the 
Eastern humid portion of the United States because of the ravages of several foliage 
diseases. Dallas grass, a valuable grazing plant in the Southeast, is extremely susceptible 
to ergot (Claviceps paspali S. & H.), and this disease is one of the chief factors limiting 
the production of Dallas grass seed. Kentucky bluegrass, one of the most important pas- 
ture grasses, is subject to attack over widespread areas each season by a leaf spot {Eel- 
oninthosporium vagans).^ The production of disease-resistant strains of these grasses by 
selection and hybridization appears to be the only logical control measure. Some of the 
progress being made in this direction at several places by workers in the Division of 
Forage Crops and Diseases and State Experiment Stations will be demonstrated. 

Temperature as a Frecision Factor in Chemically Distinguishing Cronartium ribicola 
and C. occidentale. Agree, Euby J. A microchemical colorimetric pIT procedure for 
differentiating the telia of Cronartium ribicola and C. occidentale was published in 1937 
and has since been in constant use for identification of these two rusts in connection with 
the California eradication program. During this period the operations have been care- 
fully studied for the purpose of detecting any difficulties or limitations in the method, as 
published, that would result in erroneous identification. When followed exactly, the pro- 
cedure gave excellent results with the exception of two periods, one in October,' 1938, and 
the other in July, 1940. After eliminating all other sources of error, temperature effect 
was considered. The working conditions provided 60° F. in one period and the upper 
nineties in the other. In both cases changing to the seventies gave satisfactory results. 
For confirmation of these results a short series of tests was run, which showed that tem- 
peratures below 70° and above 90° F. were not satisfactory for the best results. As evi- 
dence indicates that the success of this procedure is probably due to a difference in 
permeability of the telia of the two species and as it is well established that temperature 
is a controlling factor in pH activity, it is quite logical to suppose that such a jirocedure 
would not give satisfactory results over too wide a temperature range. 

Yellowing in Everbearing Progressive Strawberries. Aeanasiev, M. M., and H. E, 
Morris. Progressive strawberries in Montana manifest an interveinal yellowing of their 
leaves, usually distributed uniformly throughout the leaf blade. Sometimes, when its 
intensity is not so distributed, it appears as a marginal yellowing or as a mottling. One 
or more of these modifications of yellowing may be present on the same x^lunt. The plants 
do not retain the same type of yellowing throughout the season. Leaves of plants showing 
severe stages very often are disfigured and twisted along the midrib. These plants usually 
beome dwarfed and die. Yellowing is most pronounced in early spring and gradually 
decreases toward fall. It is transmitted through seeds and runners. All attempts to 
transmit the disease from diseased to healthy plants by grafts or by the insect {Mysus 
fragaefolii) have been negative. Seeds of 5 plants that remained healthy for several 
years were germinated. The resulting plants did not yellow. They were increased by 
runner production and at present there are several hundred Progressive seedlings free 
from yellowing. The results of this investigation indicate that the yellowing is genetical 
in character. 

Some Fusarium Wilt Organisms. Armstrong, G. M.,i L. Shanor,^ C. C. P>ennett,x 
AND B. S. Hawkins.2 Inocuhitions with Fusarium-wilt organisms from the following 
plants were made in soil and in water culture on cotton, sweet potato, okra, cowpca, 
tobacco, mimosa (Albisma juUbrissin) and coffee weed {Cassia tor a). Eecords were made 
of external symptoms of wilt, internal blackening, and recovery of the fungus liy plating. 
The cotton fungus caused definite wilting in tobacco, okra, and coffee weed. This fungus 
was recovered from 49 per cent of sweet potato plants, but only 3 per cent showed exter- 

1 South Garolina Agricultural Experiment Station. 

2 Division of Cotton and Other Fiber Crops and Diseases, U.S.D.A. 
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nal symptoms of wilt. Cotton and tobacco inoculated with the sweet-potato fungus 
showed little external wilting, but the fungus was recovered from 32 and 55 per cent of 
the plants, respectively. The okra fungus caused definite wilting of cotton and tobacco. 
The coffee-weed fungus caused wilt of cotton and tobacco. Cotton, coffee weed, and 
tobacco were unaffected by the mimosa fungus. Cross inoculations of cotton and cowpea 
were unsuccessful. Isolates of the cotton-wilt fungus from plants growing a few rows 
apart may be highly pathogenic or relatively weak. Isolates from a field where resistant 
vaneties are usually killed were no more pathogenic than those from another field wdrere 
resistant varieties usually survive. Isolates from susceptible and resistant varieties were 
equally pathogenic. 

JKelation of Vessel Length at Infection Points to Extent of Vascular Invasion in 
American Elm hy Ceratostomella ulmi. Banfield, W. M. Vessel length at various points 
in Amencan elm stems was determined in June by injecting spores of Ceratostomella ulmi 
1 hour before felling the trees and, later, examining for vascular discoloration induced 
by the injected spores. Vessels found in new shoots were only a few centimeters long. 
Vessels in the bole frequently were many meters long. The maximum length of vessels 
found in the stem mcreased or dimmished as the injection point varied between these 
limits. The extent of vascular invasion, which developed by the end of the season from June 
infections at various points in standing trees, was markedly conditioned by vessel length 
at the point of treatment. Spores injected 1 to 4 inches from the apex of new shoots 
produced no disease symptoms; after 2 years, invasion therein averaged 8.7 inches. Infec- 
tions in the center of 1-year leaders or in crotches formed at the apex thereof induced 

treatments; in 20 per cent of 347 com- 
2-J?ar stems. All treatments in the bole induced extensive vascular 
invasion. Invasion was limited to several feet in trees 60 feet high, girdled every 5 feet 
injected at stump height in June and left standing all season. ^ ^ ’ 

A Eew Leaf Spot and Canlcer of Gardenia, Barrett, J. T. In June 1940 an 
apparently undescribed leaf spot and canker of Gardenia was observed hi Tliiille kZ 
house near Oakland, California. It now (November 1) occurs in severa/h^^^^^^^ 
not been observed in other locations. The leaf spot was first thought to be a severe occur- 
rence of the leaf spot sometimes caused by Phomopsis gardenias . Close examination 

xxuiii J-Hurnopsis. Associated with the leaf spot were numerous cankers mainlv af 
nodes of young shoots and most abundant on those near to or recS^rtWroun^ 
These cankeis frequently originate from infected bud sheaths that persist at the stem 
nodes. Leaf spots vary in color from light to dark brown to dirtTgre^en 

diameter. The spore masses, held together by mucoL and dark gremi sui? 
lounded by cottony white hyphae, are very conspicuous. Sometimes fruiting holies occur 
on cankers. Bepeated isolations of the organism have been made and its ^pathogenicity 
established. Leaf infection appears to take place in the absence of wounds ^At the 
piesent time the pathogen seems to be an undetermined member of the Tuberculariaceae. 

Beach^T'^IVb’shuk “ Tomato Transplanted from Sand. 

mjuiy ro me plants, in tests of copper sulphate ranging from 0 1 to 0 9 g per ft nf 
soil surface,^ significant grov^^^ stimulation usually ocrarred, but disease ^control w^s 
higher applications and the more effective against Pvthium SemeRen 

of/einf H 

ijregiJatlj shaped eoati^. “ckineh^s-e ertZnerarto tht“eat^Vi^‘' 

.. rtill lacHag:. 4 sepa^te ‘eaSS S 12^^42 
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associated with the presence of mites. Small flies constantly present on the leaves are 
under investigation and the possibility of a virus being the causal agent has not been 
overlooked. 

SeveditaTy Vafiation in the Ahility of the Clover Leaf Hopper to Transmit Potato 
Yellow-dwarf Virus. Black, L. M. By selective breeding through 10 generations, 2 
races of clover leaf hoppers (Aeeratagallia sanguinolenta) have been obtained, one 
active,’^ the other ' inactive. Under conditions where 80 per cent of the active indi- 
viduals transmitted the potato yellow-dwarf virus (Marmor vastans) to crimson clover 
(Trifolium incarnatum) , only 2 per cent of the inactive insects and 30 per cent of the 
hybrids between the two races transmitted. Infective individuals appeared in colonies 
of the inactive race, although all their ancestors for 10 generations had failed to transmit. 
Conversely, in colonies of the active race some insects failed to transmit, despite the fact 
that all their ancestors for 10 generations were infective. Infective insects in the active 
race were more efficient vectors (efficiency coefficient = 0.68) than infective insects in the 
inactive race (efficiency coefficient = 0.53), Male infective insects were slightly but sig- 
nificantly more efficient vectors (efficiency coefficient = 0.68) than female infective insects 
(efficiency coefficient = 0.64) . A slightly but significantly higher percentage of males (43 
per cent) than females (38 per cent) transmitted the virus. Tests with the hybrids indi- 
cated that sex-linkage may be involved in the heredity of ability to transmit. 

Partial Purification of Potato Yellow-dwarf Virus. Black, L. M. The longevity of 
potato yellow-dwarf virus (Marmor vastans) in juice ot Nicotiana rustioa was greatly 
enhanced by^ cooling to 0° C. Breezing diseased leaves destroyed some virus. In purifi- 
cation experiments, diseased leaves were cooled to 0° C., and in subsequent procedures the 
virus was held as close to this temperature as possible without freezing. The leaves were 
ground, NaaHPO^ added to neutralize the pulp, and the juice expressed through cheese- 
cloth. Partial purification was obtained by alternately filtering out coarse material on 
eelite and sedimenting the virus in an ultracentrifuge. The virus was resuspended in 
neutral 0.1 M phosphate buffer. Yellow-dwarf virus sedimented much more rapidly in 
the ultracentrifuge than does tobacco-mosaic virus (M. tahaei), indicating that the infec- 
tive agent is relatively large. Partially purified virus was more stable than nonpurified 
virus. Active virus could be demonstrated in partially purified preparations held 1 month 
in buffer at 0° 0. Virus held at 0° C. was inactivated within an hour at pH 4 and pH 12, 
but more slowly at intermediate hydrogen-ion concentrations, the virus being more stable 
on the alkaline than on the acid side. Partly purified virus was passed through a Berke- 
f eld W filter. 

Melation of Soil Temperature to Armillaria Boot Bot in California. Bliss, Donald E. 
Plants were grown in a greenhouse in 5 Wisconsin tanks, with constant soil temperatures 
from 10° to 38° C. A pure culture of Armillaria mellea on root segments of Citrus was 
placed in the soil after the plants were well-established. After 14 months, seedlings of 
Citrus sinensis and C. aurantium (sweet and sour orange) showed severe infection at 10°, 
moderate infection at 17°, and slight infection at 24°. After 7 months, seedlings of 
Prunus persica (Lovell peach) and P. armeniaca (Eoyal apricot) and rooted cuttings of 
Pelargo7iium hortatum (geranium) showed moderate infection at 10° and severe infection 
at 17° and 24°. At 31°, the inoculum was not viable and all roots were healthy; at 38°, 
the roots died also. Greatest root growth of Citrus occurred at 24° and 31°; that of 
peach at 10° and 17°; and that of apricot and Pelargonium at 17°. Rhizomorphs of 
Armillaria developed in glucose-potato agar at 10° to 31° with optimum temperatures 
between 20° and 24°. Mean weekly soil temperatures in a citrus orchard at Anaheim, 
California, in 1939, ranged from 9.4° to 29.4° at 6 inches and from 13.3° to 20° at 8 feet. 

A Method of Determining Loss in Yield Caused hy Diseased or Missing Plants and 
Trials with Leaf Boll of Potato. Blodgett, E. M., Phares Decker, and C. S. Tuthill. 
The plants in a row may be divided into 6 classes, depending on whether they are healthy 
(H) or diseased (D), and on the condition of the adjacent plants. Classes may be made 
as follows, it being understood that only the central plant of the group is being classified: 
HHH, DHH, or HHD, DHD, DDD, DDH or HDD, and HDH. The frequency of each of 
these classes for any percentage of disease would be, respectively, in order qs, 2 pq2, p2q, 
p3, 2 p2q and pq2, in which p equals the fractional part of the plants diseased and q equals 
1-p. Field results involving the leaf roll of potatoes proved that adjacent healthy plants 
do make up in part for the losses attributable to diseased plants, but that diseased plants 
are influenced less, or, not at all, by the condition of adjacent plants. On peat soil for 
Chippewa potatoes the yields in pounds per hill for the classes as above in order were 
2.06, 2,20, 2.41, 1.22, 1.26, and 1.22; for Cobblers similar figures are incorporated ih an 
equation to give the estimated yield (Y) of similar potatoes with any pereentage of 


Y = 1.54 q3 + 1.70(2) pqs + 1.89 p2q + . 72 p8 + .78(2) p2q + .65 pq2 
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Teach Mosaic in Western Colorado. Bodine, E. W., and L. W. Durrell. Strains of 
the peach mosaic virus have been observed in orchards at Palisade, Colorado. On the 
basis of symptoms, these strains are designated as severe, medium, and slight. There is 
possible also a fourth strain, referred to as slight, whose infectious nature has not been 
demonstrated. Working cooperatively, the Colorado Agricultural Experiment Station, the 
State Department of Agriculture, and the IT. S. Bureau of Entomology and Plant Quar- 
antine removed diseased trees in early spring and throughout the growing season for the 
6-year period, 1935-1940, inclusive. Information was obtained regarding prevalenee of 
these strains. Observations indicated that peach mosaic induced by the severe strain of 
the virus had been reduced from 95 per cent of the total number of diseased trees in 1935 
to 10 per cent in 1940. Plants affected by the medium strain of the virus increased from 
5 per cent in 1935 to approximately 50 per cent in 1938 and decreased to 40 per cent in 
1940. The incidence of peach mosaic caused by the slight strain of the virus, apparent as 
a trace in 1936, remained constant (4 to 5 per cent) from 1937 to 1940. The number of 
trees showing symptoms caused by the strain designated as slight, which first appeared in 
1938, increased to approximately 45 per cent of the affected trees in 1940. 


Variations in Fusarimn Uni. Borlaug, N. E., and J. J. Christensen. Isolates of 
Fusanum Urn, obtained from many regions in the United States and Canada, differ greatly 
culturally and parasitically. Studies indicate that F. Uni comprises numerous races some 
ot which differ widely in pathogenicity on flax varieties previously or now grown in the 
Northwest. Bison is resistant to all races, except 6W, while Linota and North Dakota 
EllA are susceptible to most races. Pergamino No. 6098, an Argentine variety, is resis- 
mnt to all race s^ of F. Uni tested, but very susceptible to an unidentified species of 
I usarium, to which Bison also is susceptible. Chippewa and Winona, distributed pre- 
viously as resistant varieties, but now susceptible in the field, have retained their resis- 
tanee to some of the races of F . Uni, but are highly susceptible to others. Some races are 
relatively stable in culture,* others give rise to numerous variants that differ from the 
parental types in cultural characters and parasitism. The results indicate the impor- 
tance of testing new varieties of flax to as many races of the pathogens as possible before 
they are generally distributed, since the breakdown of resistance may be attributed to 
the introduction or development of new physiologic races of F. Uni. " 


Wind mssernination of Angular Leaf Spot of Cotton. Brown, J. G. Wind dissemi- 
nation of angular leaf spot (Phytomonas malvacera) was demonstrated in an area of 
1100 acres of cotton. The infective material was carried in dust. Cotton plantrwoumlS 
by a hailstorm 7 days before the windstorm, became extensively infected. Attendant 
toryTxpSmLt^*^"^''^^^ to make the field study fairly comparable to a planned labora- 

of Tuccinia graminis and Other Uredinales. Buller, A. H 
Reginald. Plexuous hyphae were discovered in 1933 by Craigie. He saw them in the 
hehanthi and P. graminis; and, in P. Jielianthi, he observed that after 
11 pustules has been mixed, the flexuous hyphae fuse with pycnio- 

spores presumably of opposite sex. The writer has confirmed CrlLe ^s findings ar?d^^h^^^^^ 

buralso iirp"" GmSr ^yP^ae not only^ in Tuccinia lieUantld, 

^ ‘ f -^* ^^oronata, and Gymnosporangium clavipes. The number of 

fusions observed in T . graminis between 80 and 100. Elexuous hypharai™n4int 
constituents of the mature pycnia of the Uredinales in general. The author has seen them 
in 30 species included in 8 genera. In Tuccinia, Uromyces, and Gymnosporanaium they 
are accompanied by numerous, straight or slightly bent, slenderly 4nicaT 

sorehJntf^^^ Mkampsora,^ and Melanw- 

sorella they aie not accompanied by periphyses. i 

K ^ Origin of Systemic Mycelia in Puocmia suaveolens. Btjilee A 

H B.. AND A. M. Brown. Puccinia suaveolens is an autoeeious braehv-form that mit' 
^tizes arvense m Europe, North America, and other parts o/the world ^The 

mycelium perennates in the root-system In the SDrino' in fpA i* 

up into the new shoots and on theheaves, 

Sa rr^ro^med^L"!"^ urediospores on thistle'^Ledlings, and soL Lconda'r 
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A Fungous^ Parasite of the Mealy Bug. Charles, V. K., J. N. Couch, J. Q. Harrae, 
AND J. J. McKelvey, Jr. In August, 1939, mealy bugs (Pseudococcus comstocM) tbat 
appeared to have been killed by some fungus were found in Roanoke, Virginia. At that 
time, isolation experiments were unsuccessful, and similar material was not found again 
until August, 1940, when nearly all the adult mealy bugs in orchards near Boanoke were 
killed. At the same time, infected mealy bugs also were Collected at Winchester, Virginia. 
Prom diseased mealy bugs a fungus, pathogenic for the species, has been isolated. Pure- 
cultures of the^ pathogen have led to the conclusion that it is an undescribed fungus. 
Through infection experiments mealy bugs have been readily killed in the laboratory and 
greenhouse. Subsequently, the pathogen has been reisolated from insects thus killed and 
used in further infection experiments. The mode of entrance, action, and transmission of 
the parasite have been studied and, at present, its potentialities as a biological control of 
the mealy bug are being investigated. 

The Incidence of Piirple-top Wilt in Pennsylvania on Certain Potato Varieties. 
Burke, O. D. The disease called purple-top wilt, or blue-stem, in Pennsylvania, has for 
many years caused serious losses both in yield and quality. It can be readily recognized 
on the tubers by characteristic necrosis at the stem end. Data on the incidence of tuber 
expression of purple-top wilt were taken in vaidety tests in 1939 and 1940. Differences 
were sufficiently great to place varieties in groups according to apparent susceptibility. 
Pennigan, Sequoia, Green Mountain, and Busset Bural w^ere very susceptible. Chippewa, 
Katahdin, and Houma came in the medium group, while Cobbler, Mesaba, Earlaine Ho. 2, 
and Pontiac were in the least-susceptible group. Sebago had few^er tuber syinx>toms than 
any of the above varieties. 

Custom Operation of the OMahoma Sot-water Grain Seed Treater. Chester, K. 
Stare. A portable machine for hot-water seed treatment to control loose smuts of wheat 
and barley was designed and a working model tested in 1939 (Okla. Exp. Sta. Cir. 86. 
1940). In 1940 a full-size machine, capable of treating 500 bushels of grain per day, was 
constructed for $250 and operated in 14 communities, treating 1927 bushels of grain for 
130 farmers and 2 experiment stations. The machine combines advantages of semiauto- 
matic heat control, automatic treatment-time control, rapid and thorough heat penetra- 
tion, and portability. It is powered by steam and electricity effectively supplied by 
cotton gins, mills, power plants, creameries, and steam tractors. Instructed by county 
agricultural agents or vocational agriculture instructors, the growers presoaked their 
grain in seed-block quantities before treatment. It was dried either after return to the 
farm or on sections of paved roadway. Service charges of 5 or 10 cents per bushel paid 
the costs of operation ($130). Germination of 33 random grain samples after treatment 
averaged 93.5 per cent, with 19 samples showing 95-98 per cent healthy germination. The 
growers served were uniformly interested, coo]3erative, and satisffed. No essential modi- 
fication of the machine is required in the extension of its operation planned for 1941. 

The Identity and Relationships of Wheat Leaf -rust Races Collected in OMahoma in 
19$ 9. Chester, K. Starr, and Lawrence Temple. Identification of 100 leaf -rust col- 
lections in 1939 yielded, in order of decreasing prevalence, races 13, 77, 2, 31, 58, 105, 20, 
28, 52, 5, 9, 15, and 84. Since 1938, this indicates a marked relative increase of races 
that can attack Mediterranean and Democrat wheats, and that cannot injure Carina and 
Webster. Material increases were seen in race 77 (attacking all differential varieties), 
and race 105 (attacking all but Carina and Webster). The increase of races attacking 
Mediterranean is important, as this has been a commercial variety with considerable leaf- 
rust resistance. The group of environmentally variant races 13=9=19 previously pro- 
posed should also include races 20 and 31. Side-by-side culture of these races has shown 
that at one time both 13 and 31 react as 31; on another day, both as 13; W’hile at other 
times races 20 and 9 react as race 31. To avoid future confusion from environmentally 
conditioned differences in identification, it is proposed that standard cultures of each race 
be maintained and distributed from one point, and that all described races be considered 
provisional until verified by comparison with such standard cultures. 

Loss of Sporulation in Collet otrichim destructivim. Chilton, S. J, P. Single-spore 
cultures of Colletotrichiim destructivum lost most of their ability to sporulate when kept 
in culture. Studies were made by continual single sporing of 14 cultures and the original 
sporulating types were retained in culture more than 2 years. Poorly sporulating variants 
from each were secured. As many as 15 variant types arose from an original single spore 
culture, some of which sporulated more profusely than the original types. Old tube cul- 
tures produced more variant types than fresh ones when single-spored. Staining of spores 
showed them to be predominantly uninucleate, with a few Mnucleate. Poorly sporulating 
variants did not regain their ability to spornlate after 3 passages through red-clover seed- 
lings. Two variants were secured from a sporulating culture grown on red-clover seed- 
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lings under aseptic conditions, one of wMch produced very few spores. It is concluded 
that the loss of sporulation is attributable to the oceurx’enee of poorly sporulating variants 
in the cultures, the variants probably arising through mutation. 

Soil Treatments for Tobacco Plant Beds. Clayton, E. E., J. Gr. Gaines, G. M. Stone 
AND K . J. Shaw. The control of weeds and that of the soil-borne diseases black root rot 
(TMelaviopsis hasicola) and root-knot (Eeterodera marioni) are major plant-bed prob- 
lems for tobacco growers. Steam sterilization has been the only method effective against 
all three. Experiments conducted in 1939 at 5 locations and with a number of chemicals 
showed best results with cyanamid and chloropicrin. As a herbicide, cyanamid gave sig- 
nificant reductions in 10 out of 12 tests, chloropicrin in only 9 out of 18 tests. As a 
fungicide for the two diseases, cyanamid was ineffective and chloropicrin highly effective. 
A combination of 1 lb. cyanamid and 36 cc. of chloropicrin per square yard gave sig- 
nificant reductions in weed populations in 6 out of 6 tests and effective disease control in 
all tests. Compared with steam (pan) sterilization, the combination chemical treatment 
was slightly inferior in weed control and somewhat superior in disease control. In one 
experiment, plants produced with the chemical treatment were signifieantlv larger and 
more drought-resistant. x 


JDefohation of Holly Cuttings by Bliisoctonia. Cooley, J. S. A disease causing loss 
ot holly cuttings in sand at the greenhouse, XT. S. Horticultural Station, Beltsville Md 
has been found attributable to BJmoctonia solanL The pathogen was isolated and the 
determined by the usual methods. The first symptom of the disease is 
the adherence of grains of sand to the under side of those leaves touching the sand, the 
tungus filaments with the adhering sand giving the effect of cobwebs. Two or 3 %4eks 
alter setting the cuttings, defoliation begins and advances very rapidly till 50 per cent 
or more of the cuttings may be killed. Treatment of the cutting bed, prior to setting 
the cuttings, with such substances as Bordeaux mixture, aluminum sulphate, cuprous 
oxide, ferrous sulphate, acetic acid, hydrochloric acid, sulphuric acid and crude phosphoric 
acid gave some measure of control; but the margin of safety was too narrow to iustify 
recommending any of the chemicals tried. Satisfactory control was effected by setting 

^sing precautions to maintain sanitary condi^ 
tions. By this method a disease-free bed was maintained adjacent to a bed that was 
heavily inoculated with the pathogen. 

w BevelopmenU in Methods of Distinguishing Wood Eots. Davidson Ross W 

. . Campbell, and Elmer R. Roth. Methods of isolating and distinguishino’ wood- 

sprf'aifd'^of a study of heart rots of^oaks (Quereus 
spp.) and of 48 fungi associated with them. These methods have been applied also in 

merchantable black cherry (Prunus serotinl)^ A printed 
devised for recording the growth characteristics of the fungi cul- 
tured. These cards can be filed according to key patterns based on these characteristics 
f^om^iSSerf^^^*^ on which have been recorded the characteristics of cultures 

indistinguishable heart rots 

have readily distinguishing characteristics in pure culture. 

Anthracnose of Camellia. Davis, B. H., and P. P. Pirone. A canker of CnmpiUn 

"-S'.™ ss St 

PHEiif W^“D!TALLaAuf AND E teSooMm. _Diachun, Ste- 

infection did' oee. Ite 
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ficialljj at the time of inoculation. Sustained water soaking is not necessary. If the 
water-soaked tissue was allowed to lose the excess water before inoculum was applied 
infection did not result. Furthermore, if the leaves were forcibly sprayed with sterile 
water, but not visibly water-soaked, just prior to inoculation, some bacteria invaded the 
tissues to produce typical wildfire spots. Infection also resulted when leaves were force- 
fully sprayed with a bacterial suspension. The authors interpret these results to inva- 
sion of tobacco leaves by Bad. tahacum can occur only if the stomata are open, and a 
water passage (visible as flooded or water-soaked tissue, or invisible) exists between the 
outer leaf surface and the intercellular spaces, or if the bacteria are injected forcefully 
through open stomata. 

Measuring Inoculum Botential and Coverage Index of Sprays. Fimonb, Albert E. 
Inoculum potential measures disease-producing power of parasite and environment. 
Coverage index measures the completeness with which the leaf surface is covered by a 
deposit of fungicide. When percentage of disease, weighted by probits, is plotted against 
the logarithm of the fungicide dosage, a straight line results. The slope of this line is 
determined by 3 variables: fungicide, inoculum potential, and coverage index. With 
constant inoculum potential and coverage index, the slope is characteristic of the fungi- 
cide. With standardized coverage index and fungicide, slope measures inoculum poten- 
tial. For apple scab, as inoculum potential advanced with the season, slope also in- 
creased. For tomatoes at one inoculum potential, slope was determined by plotting dis- 
ease incidence, weighted by probits, against the logarithm of the toxicant dosage per 
acre for 3 gallonages. That the resulting 3 slopes, measuring coverage index, may be 
plotted against gallonage applied to give a straight line, is indicative of the rate at 
which increased protective action results from higher effective coverage of the plant by 
fungicide. These relations are useful (1) in following development of disease, (2) in 
field evaluation of fungicides, and (3) in predicting the amount of toxicant that should 
be applied to check advance of disease at any time. 

Bactericidal Efficiency of Sodium Eypoclilorite and Other Chemicals against Bhyto- 
monas sepedonica. Dorrell, William W., E. A. Marten, and J. G. Leach. The bac- 
tericidal effect of phenol, copper sulphate, bichloride of mercury, sodium hypochlorite, and 
formaldehyde was tested on 15 cultures of Fhytomonas sepedonica. Of these, sodium 
hypochlorite and bichloride of mercury were the most effective. The comparative value of 
these and other chemicals in seed treatment could not be determined because, in numerous 
greenhouse and field experiments, using several methods of inoculation, the amount of suc- 
cessful infection was extremely small. The results raise some question concerning the 
metliods by which seed stocks become infected. Extensive morphological, cultural, and 
physiological studies showed that all of the cultures used corresponded with the descrip- 
tions of the pathogen found in the literature. 

Factors Influencing the Movement of Viruses in the Potato. Bykstra, T. P. Studies 
on the movement of Canada streak and rugose mosaic in the potato have shown that these * 
viruses can move through the parenchyma cells, but the major movement appears to be 
through the phloem, and the rate of movement is influenced by conditions affecting the 
flow of elaborated food particles. Removing the external and internal phloem of potato 
and tobacco plants failed to keep the virus from passing through the ring. Keeping the 
inoculated shoots in darkness caused a retardation of movement into the noninoculated 
part of the plant from 2 to 4 weeks and varied with individual plants. Virus can move 
from one shoot into another through the vascular tissue of the seed piece but not through 
the i^arenehyma. Virus can be recovered from inoculated leaflets after 96 hours but not 
from the noninoculated ones of the same plant before these develop symptoms. It requires 
72 hours for the virus to move from the inoculated leaves into the petiole and 96 hours to 
move into the stem. The virus can be recovered from the stem 12 days after inoculation 
but not before that, even if stem parts are incubated for 2 weeks after removal from the 
plant. 

Bacterial Wilt of Bent Corn. Elliott, Charlotte, Losses caused by bacterial leaf 
blight in new dent-corn hybrids in the Middle West in the past 2 seasons, have indicated 
the imj)ortance of tests of dent-corn inbreds for susceptibility to bacterial wilt. In the 
past two seasons at Arlington Farm, Virginia, between 800 and 900 such inbred lines have 
been inoculated, when 10 to 12 inches high, to determine differences in susceptibility or 
resistance to the disease in early stages of giwth. The results have been compared with 
leaf blight ratings taken as the plants were nearing maturity. These records of the dis- 
ease ill early and late stages of growth have indicated that plants, resistant in early stages, 
may be susceptible to leaf blight as they approach maturity, and that most dent-corn 
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inbreds are more susceptible to leaf blight iu late than in early stages of growtlu Inocu- 
lations of young plants apparently cannot be depended upon to indicate resistance to leaf 
blight, which is the important phase of this disease on dent corn in the field. 


A Comparison of the Transmission of Fonr Ciicur'bit Viruses hy Cuciimher Beetles and 
hy Aphids, Freitag, J. H. Four cucurbit viruses occurring naturally in California were 
studied to determine their most efficient insect vectors. The squash -mosaic virus was read- 
ily transmitted by the western striped cucumber beetle, Diahrotica tTmttata and the west- 
ern twelve-spotted cucumber beetle, Diahrotica soror but infrequently by aphids. The 
striped cucumber beetle infected 23 or 25 squash plants, the twelve-spotted cucumber })eetle 
8 of 25, and of 8 species of aphids tested, only 5 species transmitted the virus and togethei* 
infected only 13 of 245 plants. The cucurbit-ring-mosaic virus was transmitted })v the 
striped cucumber beetle, which infected 18 of 56 squash plants, and the twelve-spotted 
cucumber beetle, which infected 4 of 21 plants, while 7 species of aphids failed to inflect 
250 squash . plants. The wild cucumber (Echmocystis fahacea) mosaic virus was trans- 
mitted by the striped cucumber beetle, wMch infected 5 of 32 squash plants, while 9 s])ecles 
of aphids failed to infect 255 squash plants. Western-cucumber-mosaic virus was trans- 
mitted to only 1 of 61 squash plants by the striped cucumber beetle, while the tAvelve- 
spotted cucumber beetle failed to infect 30 squash plants. Additional tests, however, will be 
necessary with both species of beetles. Ten species of aphids readily transmitted the 
westerii-cucumber-mosaic virus to 104 of 271 squash plants. 

f Insect Transmission, Host Eange and Froperties of Squash-Mosaic Virns. Freitag 
J. H. The western striped cucumber beetle, Diahrotica irimttata, was a more efficient 
vector of the squash-mosaic virus than the western tAvelve-spotted cucumber beetle, Dia- 
I hrotica soror. When 10 beetles were transferred to each squash plant for a period of 1 
day, the striped cucumber beetle infected 23 of 25 plants and the twelve-spotted cucumber 
I beetle 8 of 25 plants. Single striped cucumber beetles infected 19 of 30 squash plants 
and single twelve-spotted beetles 2 of 25 plants. Striped cucumber beetles, first fed on 
diseased plants for several days, then transferred daily to successive healthy squash plants 
remained infective for a period of 10 days. The viims wns recovered from the crushed 
bodies of the striped and twelve-spotted cucumber beetle that had been feeding on dis- 
ced leaves and also from the crushed bodies of infective striped cucumber beetles follow- 
ing a 5-day feeding period on healthy squash plants. A study of the physical properties 
of the virus shows that the virus was infectious when diluted 1: 1,000,000* was still active 
I after 6 weeks in vitro at room temperature or 6 months at 0° F., and was inactivated at 
“ exposures. The host range determined up to the present is limited 

’ and the virus has been transmitted and recovered from 15 species of plants in 11 ffenera 
belonging to 4 families, ® 


X- ^ Comhinations of Curly -top Virus. Giddings, N, J. Seven clearlv differen- 

tiated strains of curly-top virus were used. Sugai* beet plants infected for at least^ a 
month with one virus strain were inoculated with a second strain. Subsequent tests 
determined the presence or absence of the second strain, and whether any changes in 
virulence had occumd. Seven strains tested in the above manner permit 42 possilfie 
combinations. Fifteen of these have been tested, and the second inoculation ivas positive 
viruffinYatr«Ti*ic, strains infected plants previously infected ivith the more 

the more virulent strains were readily introduced into plants already 
infected by those less virulent. Strain combinations of approximately similar virulencl 
likewise gave positive results. There have been no indications of 
A sugar-beet plant mf ected with 2 virus strains of different virulenc^ may carrv the 
Strain, but show only symptoms of the less virulent strain. \t least 3 
strains of virus may be carried simultaneously by 1 leaf hopper, and daily transfers of 

fVr,Zrt K. J. Kadow and D. F. Murphy. Eiffhtv-oiie so-called 

inert ingredients” were mixed individually with cuprous oxide (Cuproeide G A ) and 

‘MneT^'Toch dust -"f " ® lb. cuprous oxide, 10 lb. calcium arsenate and 84 lb! 

distille'd water to stand for 30 minutes in an equal weight of 

aistilled water, then pH values were taken and the mixture filtered The filtrate w-is 

vS foorffto 9 s' f arsenic. The pH values of the mixtures 

aned from 6.4_to 9.8. Water-soluble copper varied from none to 0.735 per cent ivith 

nf Water-soluble arsenic, as AsA, vatSd fiom 

0.29 per cent (hydrated lime) to 8.44 per cent. There seems to be a definite Mi-relation 
between the_ solubility , of calcium arsenate and the pH value of the dust mixture but no 
correlation is apparent between the solubility of the cuprous oxide and pH. The pH 
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values of tlxe inert ingredients alone gave no indication of their effect on the pH of the 
resulting mixtures due to differences in their individual buffering characteristics. No 
information is yet available regarding the relation of soluble copper and arsenic to plant 
injury. We do not know how much of these soluble materials different plants will stand 
without injury. These studies will be continued with other copper compounds. 

Smut Resistance in Vegetable Species of AUiim. Felix, E. L. Natural smut im- 
munity of seedlings in the postcotyledonous stage and of mature bulbs of the common 
onion ^Allium cepa L.) and bulbs of the yellow and white multiplier {A. cepa var. solani- 
mm) is due to physical protection of the younger tissues by the surrounding older. The 
common and multiplier onions were infected readily by exposure of the plantlets within 
by cutting away the upper two -thirds of the bulbs, or better, by removal of the outer 
scales. On artificial exposure, plantlets from bulblets of the top onion (A. cepa var. 
viviparum) proved highly resistant, while those from cloves of garlic (A. sativum L.) 
were immune, indicating also inherent resistance. Cotyledons of the onion (^. fistulo- 
smn), leek (A. porrum) and chive (A, schoenoprasum) possess high and equal natural 
resistance to smut. The resistant factor (or factors) in leek and chive is distributed uni- 
formly in the seedling (except in the root), as is the factor for susceptibility in A. cepa, 
while, in A. fistulosum, resistance of the cotyledon is far greater in the sheath than in the 
blade. Eed Welsh (French Welsh) was highly susceptible and belonged to A. cepa. 
Species and not varietal differences in smut resistance prevail. 

Use of Hardwood Oils and Other Chemicals in the Control of Onion Smut, Felix, 
E. L. Three-year experiments on muck soil indicate that onion smut may be reduced 63 
per cent, wfithout crop injury, by the drip application at the time of sowing of 200 gal. 
per acre of 3 per cent No-D-K (Tennessee Eastman Corporation) or by 100 gal. per 
acre of 2 per cent neutral oil, employing 0.2 per cent sodium lauryl sulphate (Crasselli 
IN 181) as a dispersing agent. Inexpensive neutral oil proved to be the most active 
ingredient of No-B-K against onion smut, while oil no. 45, another constituent, was rela- 
tively nontoxie to the fungus. DuBay 1286-x (50 per cent manganese dime thy Idithio- 
earbamate) plus methyl orange (2 to 1) at the rate of 11 oz. to 1 lb. of onion seed re- 
duced smut 50 per cent without crop injury, and was more effective than pure tetra- 
methylthiouram disulphide plus methyl orange or copper stearate (4 to 1) at the rate of 
2 oz. to 1 lb. of seed. Sodium dimethyldithiocarbamate-drip (2 per cent) at the rate of 
100 gal. per acre also reduced the disease 50 per cent. Similar reduction in smut was 
obtained in seed and soil treatments with 5-hydroxy-l, 3-dimethylbenzene, which is com- 
paratively inexpensive but requires further development in methods of treatment. 

Respiration of Conidia of Sclerotinia fructicola. Fkampton, Vernon L., and Paul 
M. Marsh. A study of the respiration of the conidia of the brown -rot fungus, Sclero- 
tinia fructicola, with the aid of the Fenn micro-respirometer is in progress. This appa- 
ratus is caxxable of measuring the oxygen consumiition of a relatively small amount of 
spores, quantities easily obtainable in ordinary Petri-dish culture. The following pro- 
visional statements are based on experiments preliminary to a study of the mechanism 
of copper toxicity. The respiration rate of the dry, ungerminated spore is very high. 
The rate of oxygen uptake increases considerably within a few minutes after wetting 
and can be still further increased by the addition of either glucose, maltose, or sucrose. 
The appearance and rapid growth of the germ tube is not accompanied by any measur- 
able increase in oxygen consumption. In the presence of 5 p.p.m. Cu as CUSO4 the respira- 
tion rate decreases slowly to a relatively stable residual rate that persists for several 
hours. 

The Role of Insects in the Pit Scab of Potatoes. Granovsky, A. A., and A. G. 
Peterson. Pit scab resembles insect injury, borders of which are lined with scab 
{Actinomyces scabies) infection. Weekly examinations by digging of potato hills for 
insects and scab infection from planting date to harvesting, show only a few pit scab 
lesions infested with insects. Infection takes place primarily through lenticels without 
the aid of insect injury. The cracking of the infected lenticels is accelerated by the rapid 
growth of tubers in the presence of soil moisture. This successive cracking repeatedly 
ruptures the wound cork beneath the small initial scab lesions, permitting mycelial rami- 
fication into deeper layers of the tuber. The affected potato tissue in scab pustules ab- 
sorbs and holds moisture, pixvents formation of effective wound cork, and provides a 
suitable medium for secondary saprophytic organisms, especially bacteria. Several forms 
of soil microfauna invade scab pits previously made by secondary decay, especially mites, 
Macrochelus sp., Rhizoglyphus hyacinthi, and jR/fc. phylloxerae, cextsdn Collemhola sp., and 
oceasionally fungus gnats, Acmra paicciseta, sluA ottm early stages of Annelid worms. 
These insects and mites are largely scavengers in their food habits feeding on decaying 
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organic matter produced by the mycelial action of scab and further decomposition by the 
secondary bacterial invaders. Mites, apparently, act as effective vectors of saprophytic 
bacterial organisms. 

JPeach GanlvBT Caused 'by Fusicoccwm amygdali. Haenseler, C. M., axd E. H. 
BAmES. A canker of peach, which apparently has not previously been ^reported in 
America, has been under observation in New Jersey for several years. Twigs -witli the 
same disease have been obtained also from Ehode Island. The cankers occur almost 
invariably at the nodes of young but not actively growing twigs. They are usually 1 to 
3 cm. long and extend half way, rarely errtirely, around the twng. They start in the late 
fall or early spring as inconspicuous, water-soaked, poorly defined areas, but soon become 
oval, slightly sunken, brown, well defined cankers. Older cankers become hard, dry, and 
gray, and usually bear prominent, erumpent pycnidia that exude whitish spore tendrils in 
moist weather. Cankers on older branches and at base of current year ’s twigs may 
prove to be a phase of the same disease. The twig cankers may cause appreeiable 
direct injury, but seem to be of greatest importance as infection courts for Valsa spp., 
w'hich cause a very destructive twig blight. A Fiisicoeeum sp., constantly associated 
with the nodal twig cankers, has been isolated many times, and typical cankers have 
resulted from pure culture inoculations. The fungus is morphologically very similar to 
Fiisicoccum amygdalL 

The Farasitism of Economic Insects by Fungi. Harrar, J. G., J. J. McKelvey, and 
J. W. Showalter. For several years collections of insects have been made and exam- 
ined for the presence of parasitic fungi. Several such fungi have been isolated from 
aphids, leaf hoppers, mealy bugs, bark beetles and flies. Most of these fungi belong to 
the genera Eniomoylithora, Beauveria, Conidiobolus, and Hirsutella, but several have 
not yet been definitely placed. All those here considered have been found to be insect 
parasites. The several pathogens have been compared as to pathogenicity, mode of 
entrance and action, dissemination and host range. They also have been comj)ared in 
culture in attempt to establish criteria for the sei^aration of entomogenous species on a 
physiological basis. In progress are experiments to evaluate the effectiveness of each 
of these fungi in the biological control of economic insects. 

Florescence of Potatoes under Ultraviolet Light for Detecting Eing Eot. Harvey, 
E. B. Seed-potato-cutting machines, using the G. E. BH4 lamp, are described for use 
by inspectors, and also a practical hopper-type cutter for 4 knives. A lot of 100 bushels 
of White Eose, containing 0.5 per cent ring-rot tubers, was cut, rejecting tubers that 
fluoresced greenish, followed by immersion in Ginnex 20 and 1 per cent potassium x^er- 
manganate solution. No ring rot was found after either sterilizing treatment on samx)!- 
ing the yield. , :% ' 

Association of Bacterium phaseoli and the Virus of the Common Bean Mosaic: the 
Effect of Varying Amounts of Nitrogen. Hedges, Florence, and Herbert Fisher. 
In an earlier study of serial passages of bean juice containing Bacterium phaseoli and 
common bean-mosaic virus, it was found by the senior writer that the virus symx^toms 
predominated and, furthermore, that the bacterium underwent dissociation in the course 
of this long-continued association. There is here reported a study of the effect of 
nutrient solution with low, medium, and high nitrogen content on young bean plants 
grown in washed quartz sand and inoculated with juice from the serial passages and 
with the two infective agents alone. A parallel series was carried on in comx)Osted soil. 
Inoculum from a serial passage showing little or no bacterial infection, produced 100 x^er 
cent striking Bacterium phaseoli infection in the medium N set and but traces in the 
high and low N and soil sets. Isolations from all of the N sets were pathogenic, but 
that from the medium N was by far the most virulent. One hundred per cent mosaic 
appeared in all 4 sets, but developed the most rapidly in medium N and composted soil. 
Later experiments with Bacterium phaseoli cultures and inoculum from serial passages 
showing both bacterial and virus symptoms gave best bacterial infection in medium N or 
composted soil. The virus behaved similarly. Under the conditions of these experiments, 
optimum conditions for plant growth were optimum for both infective agents. 

Copper Fungicide Tests on Tomatoes. Henderson, E. G., and S. A. Wingard. 
Tomato spray tests at the Virginia Agricultural Experiment Station in the current season 
consisted of the spraying of Earliana, Pritchard, and Marglobe tomatoes with Bordeaux 
mixture, yellow copper oxide, and tribasic copper sulphate and the dusting of the same 
varieties with red copper oxide and tribasic copper sulphate. With the exception of 
Bordeaux, each of these materials gave a highly significant increase in yield of fruit over 
the nontreated check. The increase in yield with tribasic copper sulphate spray, however, 
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hardly equalled that with the other materials, hut the difference was insignificant Bor- 
deaux also gave an increase, but was statistically insignificant. On the later maturing 
vanetie^, Pntchai;d and Marg obe, Bordeaux resulted in decreased yield, the greater de- 
crease being for Marglobe, which was slightly later in maturing its fruit. All of the 
other treatments gave an increase in yield on both Pritchard and Marglobe, except the 
yellow copper oxide spray, which, on Marglobe, gave no increase over the nonsprayed 
Too much reliance, however, should not be placed on the data from the Pritchard 
and Marglobe varieties because the experiment was abruptly terminated by an early Idll- 
mg Irost wkile miieli ot the fniit was immature. 

Timing and Dosage of Tomato Sprays for Alternaria Control. Hueberger, John W. 
A timing test was made, using yellow cuprous oxide, in which sprays were added or 
omitted progressively at 2-week_interyals, June 21-August 23, 1940, or made at selected 
mid- and late-season dates. Disease readings were made Aug. 23 and Sept 7 Data 
obtained stowed: 1. Time that data are taken affects the rating, e.g., 2-spray schedules 
for July 19-2fa and Aug. 2-9 had indexes of 2.58 and 2.75 on Aug. 22: wtoreas Sept 7 
indexes were 4.45 and 3.40; 2. Spraying should commence about mid- July, just before 
stage when plant falls over and Alternaria begins to attack, and continue through August 
e.^., on Sept. 7,_a 6-spray schedule, ending July 26, had index of 4.50; whereas a 4-spray 
schedule begmning as late as Ang. 2 had index of 2.70, the check index being 5.00 (maxi- 
mum) , 3. Spiaymg only during Alternaria development will reduce disease incidence 

index of 3.40 for a 2-spray schedule (Aug. 2-9). In a 4-spray-schedule experiment 
(July 24-Aug. 23) the optimum dosage per acre per appUcation lay between 200 and 300 
gallons and 3 and 4 pounds actual copper. 


The Biology of Domes fomentarius. Hilborn, M. T. Studies on the morphology of 
the sporophore show that the tube layers are stratified. The 1938 spore-discharge period 
was approxmately 180 days. This discharge exhibited 3 phases, (1) the prepeak, (2) 
the peak, and (3) the postpeak. Atmospheric humidity was an influencing factor on 
spore discharge during the prepeak interval but not later. Temperature was an influenc- 
ing factor on spore discharge during the peak interval. Cultural studies showed that 
there was considerable variation in the time-growth curve for various isolates. ISTo sub- 
groups could be classified from the isolates studied. The differences observed were ap- 
parently attributable to individual variation, which was independent of either host or 
locality. The fungus simultaneously causes typical heart rot and attacks the sapwood. 
Chemical studies on decayed wood showed that the fungus can attack lignin and cellulose 
simultaneously. All pentosans were utilized alike. A decrease in alkali solubility, charac- 
teristic of the white rots, was found. The losses in calorific value of the decayed wood 
were proportional to the losses in dry weight. 


Mechanical Transmission from Currant to Tobacco of a Virus Identified as Annulus 
zonatus. Hildebranp, E. M. A virus recently transmitted to tobacco by mechanical 
means from plants with currant-mosaic symptoms has been identified as a highly virulent 
strain of tomato-ringspot virus, Annulus zonatus. This appears to be the first ease of a 
virus in a woody perennial plant being transmitted to succulent annual plants. Extracts 
from currant leaves, showing either typical chlorosis or hitherto unobserved zonate 
chlorotic spots, when rubbed on young tobacco plants dusted wtih carborundum, have 
consistently produced zonate necrotic primary lesions, the number being larger on Nico- 
tiana rustica than on Turkish tobacco (N. tahacum). Cross-immunization tests with 
other ringspot viruses on Turkish tobacco have resulted in protection against tomato 
ringspot only. Likewise, there is close agreement with tomato ringspot in other details, 
including host range, incubation period, thermal inactivation, longevity, filterability, and 
dilution endpoint. The virus was isolated from diseased currants in 14 out of 16 trials, 
whereas negative results were obtained in all 10 trials from healthy plants. Transmis- 
sion of the virus from tobacco back to currant has not been successful. However, until 
this has been accomplished, it cannot be stated with certainty that the same virus is 
involved in current mosaic and tomato ringspot. 


Micrurgical Studies on the Crown-gall Organism with Special Deference to the Infec- 
tion Mechanism in Tomato. Hildebrand, E. M. Certain problems centering around 
infection of the tomato by the crown-gall organism have been attacked by micrurgical 
methods with interesting results. More than 90 per cent of single cells grew in sterile 
juice extract from young tomato plants. Single cells introduced into deep wounds on 
tomato stems produced galls in from 10 to 60 per cent of the trials as compared to 10 per 
cent or less with shallow wounds. Similarly when 10 or more cells were used gall forma- 
tion resulted in about 90 per cent of the trials with deep wounds as compared to 20 per 
cent or less with shallow wounds. These results suggest that the kind of wound may be 
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a more important factor tliaii the number of bacteria. None of the more than 150 indi- 
vidual plant cells injected with nmnerous bacteria responded with galls. Living bacteria 
were recovered 3 weeks later from but one of 20 cells cultured. Wounds several times 
larger than the above, produced by gently rubbing a polished needle wdtli bacteria on 
stems and petioles, resulted in tiny galls close to collapsed hairs. Very few bacteria 
were observed in these galls. 

Quantitative Measurement of To'baceo-etch Virus. Holmes, Hrangis O. It has not 
been feasible heretofore to make extensive quantitative measurements of tobacco -etch 
virus (Marmor erodens) ; none of its recognized host plants have shown distinetive 
primary lesions. Eecently, additional species were found susceptible. Inoculation tests 
were made of 220 kinds of herbaceous plants, in 50 families; 69 species in 11 families 
became infected. One species, Fhysalis peruviana was found to develop conspicuous 
brown, necrotic, primary lesions with darker peripheral pigmentation. By the use of 
this plant, etch virus can be identified readily, and quantitative studies can be pursued. 
It has been found that tobacco-etch virus in expressed juice is inactivated in 10 minutes 
at 55° to 57° 0. The virus content of detached tobacco leaves decreases gradually dur- 
ing drying at room temperature until, about the time complete dryness is attained, no 
more virus is detectable. The virus increases rapidly in a recently infected tobacco plant, 
first in the inoculated leaf, then in the systemically infected top, reaching a maximum 
in both locations at about the tenth day ; the concentration then decreases spontaneously, 
more rapidly in the top than in the inoculated leaves. 

Buds as a Factor in the Overwintering of Shot-hole of Feach (Fhytomonas pruni), 
Hopperstead, S. L., and T. P. Manns, Data obtained in 3 years from cultural and 
histological work in the laboratory and from field experiments and observations indicate 
that the terminal buds of the peach harbor the organism from one season to the next. 
There was no conclusive evidence that lateral buds were a factor. The percentage of 
terminal buds from which positive isolations could be obtained was quite high during the 
early part of the dormant season, but decreased rapidly as the season progressed. Cul- 
tures of Fhytomonas pruni were obtained also from tissues showing no visible lesions 
along the last 10-12 inches of the twig near the tip end. In these tissues the percentage 
of positive isolations increased as the material was cultured progressively toward the tip. 
Pathogenicity tests were run on the cultures obtained. Only those showing positive 
results were considered Fhytomonas pruni. Histological work showed the presence of 
bacterial masses in the intercellular spaces of the terminal buds. 

Predicting Protective Value of Fungicides in the Laboratory. Horsfall, J. G., 
J. W. Heuberger and a. E. Dimond. (1) Log-probit transformations of dosage-re- 
sponse data, from both field and laboratory, yield straight lines. (2) The slopes of 
these lines are characteristic of the fungicide. (3) Test-to-test variability in both 
laboratory and field data was reduced by using a fungicide and protective coefficient, 
respectively; ratios of the dosages of a^^standard and the test material at unit response. 
(4) Fungicidal value and tenacity, the two fundamental components of protective value, 
have been measured in the laboratory, (a) With both components constant, protective 
value was equal (Tennessee tribasic cooper sulphate = Basicop ) . (b) With tenacity 

equal, protective value followed fungicidal value (yellow > red cuprous oxide. Com- 
pound A > Cupro K), (c) With fungicidal value equal, protective value followed 

tenacity (Cuprous oxide > cuprous oxide plus goulac). (d) When both components 
vary, protective value can be predicted only by weighting the relative magnitudes. 
Tenacity probably will require the heavier weighting, because materials that do not stick 
well do not protect well, however fungicidal they are. (5) Field designs for evaluating 
fungicides improve in efficiency when made homologous to laboratory designs. 

The Bole of Tree Injection in the Control of Bleeding Canter of JSardwoods. How- 
ard, Frank L., and Nestor E. Caroselli. Discovery of beech, elm, and at least two 
species of oak {Q. rubra and Q. agrifoUa) infected with bleeding canker, previously re- 
ported only on maple trees, has increased its importance. Confirmed diseased trees are 
present at various points in New England, on Long Island (N. Y.), and near Los Angeles 
(Calif.). A method of internal medication for cheeking the injury caused by this 
vascular pathogen will be demonstrated with Kodachrome motion pictures. /^Helione 
orange,^’ a proprietary basic yellow dye plus a penetrant, has been found in vitro to 
inhibit the growth of Fhytophthora cactorum and other pathogenic fungi and to inacti- 
vate the toxin formed by them. In 1939 and 1940 over 349 confirmed diseased maple 
and 11 beech trees in the field were injected and 85.4 per cent of these have failed to 
yield the pathogen, have inactive cankers, and are forming callus tissue. Studies on the 
relationship of the point of injection, dosage, and the distribution of the chemical in 
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tlie tree liave sliowii that infected vascular and cambial tissues can be adequately reached. 
Evidence supports the theory that the chemical checks tree decline by inhibiting the 
fungus, and by neutralizing the my cotoxin, thus preventing wilting, decreasing browning 
of leaf margins and bud tips, and promoting greener leaves. 

Ascochi/ta majalis Identified on Lily of the Valley in the United States, Jenkhsts, 
Anna E. In August, 1940, a grower of lily of the valley in southeastern Pennsylvania 
became alarmed over the severely diseased condition observed in a plot of lily of the 
valley he had maintained in healthy condition for about fifteen years. Near the center 
of the plot, approximately 25 x 50 feet in size, an elongated area about 20 x 2 feet, was 
entirely discolored. A more or less general spotting of the green leaves outside this area 
was observable. On representative specimens submitted to the Department of Agricul- 
ture for diagnosis and referred to the writer for examination, there was found an imper- 
fect fungus that proved identical with Ascochyta majalis. This fungus was discovered 
in October, 1899, by Massalongo on spots on nearly dead leaves of cultivated lily of the 
valley growing at Verona, Italy. In 1908, it was reported by Otto Jaap in the Austrian 
Alps. Only these tw’o mycological records of the fungus are available, and, until found 
associated with the disease outbreak in the Pennsylvania planting its apparent impor- 
tance as a disease-producing organism had not been recognized. 

Tra^ismission of Viruses hy the Parasitic Activities of Dodder. Johnson, Eolke. 
The union between a host plant and its dodder parasite resembles a graft union, the 
parasite being totally dependent upon its host for sustenance, just as the scion must 
depend upon its stock. A single dodder plant parasitizing 2 hosts forms a natural bridge 
of conducting tissue between them. Plants as far removed taxonomically as pterido- 
phytes and spermatophytes may be thus connected. Last year, Bennett reported that 
cucumber-mosaic and sugar-beet curly-top viruses were transmitted by the dodder species, 
C'uscuta suMnclusa. Eecent tests by the writer have shown that the viruses of aster 
yellows, tomato bushy stunt, cucurbit mosaic, sugar-beet curly top, tobacco mosaic, and 
a mosaic disease of white clover may be transmitted from diseased to healthy plants by 
another species of dodder, C. campestris. The time required for symptoms to appear in 
the test plants after they have become parasitized by infected dodder is greater than 
that required for these viruses following mechanical dr insect transmission. Tobacco - 
ringspot virus was not transmitted from diseased to healthy Turkish tobacco by this 
method. Neither tobacco-mosaic virus, which was transmitted, nor tobacco -ringspot virus, 
which was not transmitted, multiplies in dodder. 

Ground Sprays Aid in Control of Apple Scat. Kadow, K. J., and S. L. Hopper- 
stead. In view of the recent interest in ground sprays, an effort was made this season 
to learn whether such applications were commercially feasible. To this end, experiments 
were conducted in Delaware on 5 different farms. The experiments involved a com- 
parison of a 22.25 per cent sodium dinitro ortho cresylate (Elgetol) used at ^ per cent by 
volume j a 40 per cent sodium dinitro ortho cresylate (American Cyanamid Co.) at i per 
cent by volume and sodium nitrate 100 lb. plus calcium arsenite 4 lb. with water to make 
100 gal. In all cases these sprays were applied at from 500 to 600 gal. per acre. In 2 
of the 5 orchards, ground sprays helped but little to control scab. Both of these failures 
are explained by improper supplementary spray programs and spraying technic. In the 
other cases good results w^ere obtained. This season's work supports the following conclu- 
sions : 1. All 3 ground treatments were effective aids in scab control where ascospore 
inoculum was high. 2. Ground sprays were of no practical value where ascospore in- 
oculum was low. 3. This season's ground-spray applications were about equal in their 
effect to 3 scab sprays. (They will vary greatly with the season and the variety under 
consideration.) 4. Ground sprays definitely cannot be relied upon to control scab with- 
out the aid of a spray program. 5. Ground sprays permitted the successful use of 

milder sulphur sprays than could otherwise have been successfully used, 

Experiments with Eradicant Fungicides in Eolation to Apple-seal) Control. Keitt, 
G. W., G. N. Clayton, and J. D. Moore. The fioor of an 8-aere block in an orchard in 
clover' sod near Casco, Wisconsin, was sprayed at bud-break with Elgetol i per cent plus 
monocalcium arsenite i per cent, 300 gal. per acre. This block was well isolated from 
apple orchards receiving no eradicant spray. Disease development was followed on non- 
sprayed McIntosh trees in the treated block and in 2 nontreated orchards 0.3 and 0.5 
miles away, respectively. The season favored severe occurrence of scab. Counts made 
on June 12, shortly after petal-fall, showed percentage reductions in lesions per leaf in 
the treated orchard as compared with the nontreated orchards of 99 and 95, respectively. 
The floor of a similarly isolated 4-acre McIntosh orchard in quaek-gifass sod was sprayed 
shortly prior to bud-break with Elgetol Extra 1 per cent, 400 gal. pei* acre. Counts 
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made June 13 on nonsprayed McIntosh showed xediietions in lesions per leaf in this 
treated orchard as compared with 2 small nontreated orchards of 89 and 97 per cent, 
respectively. Variations in the several orchards must be considered in interpreting these 
data. Comparative studies seeking to evaluate the ascosporic inoculums are in progress. 
Results of summer spraying will be reported elsewhere. 

Further Fxperiments on a Virus Disease of Fruniis cerasus. Keitt, G. W., and 
G, 3Sr. Clayton. Budding experiments confirmed those reported last year (Phytopath. 
30: 13) j the disease being readily transmitted from Fnmus cerasus to P. cerasus. It is 
concluded that the inciting cause is a virus. The disease has been transmitted by budding 
from P. cerasus to P. mahalel) and back to P. cerasus. Buds from diseased P. cerasus 
were inserted in several sprouts of P. virginiana. Leaves of these budded sproiits de- 
veloped conspicuous chlorosis the following year: the controls remained healthy. A 
similar experiment gave strong suggestion of transmission of the disease from P..' cerasus 
to P. pennsylvanica. Records taken in 5 orchards (2593 trees) near Sturgeon Bay^ Wis- 
consiUj for 5 years showed an average annuab increase of about 3 per cent in incidence of 
trees classed as moderately or severely diseased. These data, however, are^ not compre- 
hensive enough to be taken as representative of the Door County district. Further 
studies are in progress, including work on variability in disease develox3ment and on 
possibilities for increasing the productiveness of diseased trees. It is recommended that 
measures be taken to avoid spread of the disease in nursery stock. Recommendations for 
combating the disease in the orchard are withheld until further experimental results are 
available. 

PotatO'ring-rot Studies in California, Kendrick, James B., P. A. Ark, and 0. 
Emlen Scott. Field tests have showm the cutting knife, pickerplanter, and surface con- 
tact to be effective agents in transmitting ring rot. Healthy potatoes, cut with a con- 
taminated knife, showed an average of 69.3 per cent diseased hills. Healthy seed lots, 
with 2 to 10 per cent diseased potatoes added before cutting, shouted an average of 58.6 
per cent diseased hills. Contaminated pickerspikes transmitted ring rot to 57.7 per cent 
of the hills. Diseased cut seed, mixed with healthy cut seed and wdiole potatoes xilanted 
after being dipped in a water suspension of macerated diseased potatoes, transmitted a 
high percentage of ring rot. Whole seed versus cut seed showed approximately 3 times 
more ring rot from cut-seed planting. Alternate diseased and healthy hill planting has 
not shown evidence of current-season spread. Soil carry-over of ring rot has not been 
demonstrated. Apparentl}^ healthy potatoes selected at harvest from diseased seed lots 
showed 7.3 per cent ring rot. Dipping contaminated cut seed in iodine, iDotassium per- 
manganate, Semesan Bel, DuBay 1230-B.S., Cinnex 20, and Mercuronol solutions failed 
to control ring rot. 

Effect of Cutting -hench Treatments on the Incidence of Disease in Carnations. 
Kirby, R. S. Tests conducted in a commercial greenhouse in 1939 and 1940 showed that 
certain growth-promoting substances, applied as a dust to the base of Puritan carnation 
cuttings, reduced the incidence of Alternaria blight over the potassium permanganate 
soak by 29.4 per cent (28.6% vs. 58%). When the treatments were combined by first 
immersing the entire cutting for 10 minutes in 1-1000 potassium permanganate and then 
dipping the cut ends into the growth promoting substance (powder) the incidence of 
disease was further reduced to 8.3 per cent. Nontreated cuttings were 80.2 per cent 
diseased. The percentage of well-rooted cuttings and th average weight of cuttings 
increased as the percentage of diseased plants decreased. The 3 growth-promoting sub- 
stances applied contained one of the following: (1) naphthalene acetic acid, (2) naphthyl 
acetamide, and (3) indolebutyric acid. 

Cure of Aster Yellows hy Beat Treatments. Kitnkel, L. O. Previous reports have 
recorded the cure of 4 virus diseases of peach and 2 of sugar cane by heat treatments. 
To this list may now be added aster yellows in the periwinkle, Vinca rosea. The plants 
have been cured by treatments in which temperatures of from 32° to 42° C. were employed. 
In some of the treatments potted plants were submerged in a water bath, while in othei's 
they were incubated in a hot room. Neither method of treatment caused serious injuiy. 
Both methods were effective. Growth produced subsequently to cure was normal in every 
respect. Cured plants were as susceptible to a second or a third attack of the disease as 
were plants that had never had yellows. Since no virus could be obtained from plants that 
had received adequate treatments, the cures were believed to have resulted from heat 
inactivation of yellows virus. Aster yellows probably can be cured in all species capable 
of enduring moderately severe heat treatments. 

Bacterial Bing Eot in Belation to the Tomato. Larson, R. H., J. C. Walker, and 
S. 0. Fogelbero. The tomato (Lyeopersicum esculentum var. Bonny Best) is easily in- 
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f ected by needle inoculation witli bacterial ring rot of potato {JPhytomonas sepedonica ) . 
In tlie greenhouse the study of temperature relations shows that symptoms on inoculated 
plants develop most rapidly between 24° and 28° G, and are suppressed at 16° C. and 
below. Early symptoms at 24°-28° are evident in 12 to 14 days as a slight loss of plant 
color, upward and inward marginal leaflet rolling, and wilting. As the leaflets become 
permanently wilted, shrivelled, and moribund, irregular necrotic streaking of the stems 
occurs. This often is followed by a creamy, light-colored, slimy bacterial exudate at 
points of tissue breakdown. In vascular elements the bacteria progress primarily through 
the xylem vessels and thence progress intercellularly into the parenchyma of pith and 
cortex. Cross sections of diseased stems show pith cavities. In the systemically infected 
fruit, external symptoms appear near or at the pedicel as irregular soft water-soaked areas. 
Interval change is evident as tissue breakdown, in the small size and number of immature 
seeds, and in light-colored bacterial masses in the diseased area. The bacteria have been 
recovered in pure culture from infected seeds and histologically demonstrated. The plant- 
ing of seeds from infected fruit has yielded infected seedlings. The possibility of the 
tomato as an important agent of transmitting the potato ring-rot organism is suggested. 

jEJxperimental ’Production of Invading Overgrowths in Plants, Levine, Michael. 
Animal cancer is characterized by extension of malignant cells into normal tissue of the 
host. Crown-gall tissue has sporadically shown evidence of invasion, although the malig- 
nant nature of the growth has not been considered analogous to animal neoplasia. An 
effort was made to induce plant overgrowths to assume an invasive character. More than 
500 inoculations with a virulent strain of Bacterium tumefaciens and treatments after 
injury with indoleacetic, indolebutyric and a-naphthaleneacetic acids were made on 15 
species of garden and house plants. The injured and treated areas were then tightly 
covered with parafilm and wound with adhesive tape. Treated areas of control plants were 
left uncovered. JS. tumefaciens produces large crown galls on Ricinus, dahlia, broccoli, 
geranium, Kalanehoe, and chicory. In but few cases can the invasive crown-gall tissue 
be attributed to application of pressure over the inoculated area. Growth substances 
induce swelling and root formation. Under the parafilm and adhesive tape covering, 
Rieinus stems form many stubby, root-like structures, while the sunflower produces long, 
branching roots. Intumescences and roots form on the surface of the chicory stem, and 
the lumen, as observed in Ricinus, becomes filled with parenchymatous tissue. Severity 
and depth of injury in treatment is more effective in producing invading growths than is 
pressure. 

Bacterial Necrosis of the Giant Cactus, Carnegiea gigantea (Cereus giganteus). 
Lightle, Paul C., Elizabeth T. Standring, and J. G. Brown. A bacterial necrosis of 
the giant cactus, Carnegiea gigantea {Cereus giganteus), has long been present in groves 
of that plant in southern Arizona. In recent years the disease has become more active 
and has killed many giant cacti. The distribution of the necrosis includes an area 200 
miles by 100 miles in which the disease has actually been observed, but it probably involves 
a much larger territory. Only parenchymatous tissues of the cactus are destroyed. The 
bacterium concerned is here described for the first time. 

Auxinic Activity of Leaves of Cahhage and of Myssus persicae Feeding on Them. 
Link, G. K. K., Virginia Eggers, and James E. Moulton. Ether extracts from leaves of 
cabbage and from Myisus persicae feeding on them were highly active in the Avena coleop- 
tile test. After it was found that a second extraction following the initial one yielded 
active preparations, consecutive extracts were made at weekly intervals until the materials 
no longer yielded active substances. No cabbage-leaf sample yielded an active extract 
after the third treatment, whereas the aphid material still was active in the fifth extraction. 
In the first extraction the leaf extract was more active than that from the aphid, but the 
third aphid extract was more active than the first. The total activity of the 5 aphid 
extracts exceeded that of the 5 leaf extracts. The leaf extract in dilution, equivalent to 
1 mg. of fresh leaf material, was active in the coleoptile test. 

Microagglutination of Spores of Ceratostomella ulmL May, Curtis, and John Zem- 
LANSKY. Antiserum was prepared by injecting rabbits intravenously on alternate days 
with a total of 6 doses of 1, 2, 4, 6, 8, and 10 ec., respectively, of an 0.85 N saline suspen- 
sion containing approximately 600,000 living spores of Ceratostomella ulmi per cc. Ten 
days after the final injection the rabbits were bled from the heart. The blood was stored 
overnight in a refrigerator. The clear supernatant serum was then decanted, the residue 
centrifuged, and a further small amount of clear serum recovered. The serum was then 
fractionated by standard methods and the globulin fraction obtained. This fraction was 
resuspended and then dialyzed until essentially salt-free, then filtered through a sterile 
Seitz filter, and stored in sterile vials. A drop of the globulin fraction was mixed on a 
microscope slide "with a drop of spore suspension of C. ulmi in Mellvaine^s phosphate buffer 
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solution at pH 6.4. Agglutination was observed at once under tlie niicroseope wlien the 
spore concentration was 700,000 or higher per cc. Prom 2 to 20 spores were observed 
clinging together in varied positions. No similar agglutination was observed in the cheek 
suspensions to which no serum was added. 

The Different Toxicity Eatings of Compounds hy Different Fungi and Experiments' 
in Bpore- germination Tests of Fungicides. McOallan, S. E. A., B. H. Wellman, and 
Prank: Wilcoxon. A study was made of 600 toxicity curves derived from 20 compounds 
tested against Sclerotinia fructicola^ Glomerella cingulata, Alternaria solan% Macrosporimn 
sarcinaeforme, Botrytis cinerea, and Elmopus nigricans replicated in 6 experiments. In 
general, the LD50 values for any fungus or compound were equally reproducible. The 
fungi, in general, were equally sensitive, except Elvizopus, which was more sensitive. The 
fungi rated the compounda differently; Sclerotmia and Macrosporium were highly corre- 
lated and Glomerella and Alternaria. Pour different types of slopes were observed on 
logarithmic probability paper : straight lines, curvature concave upwards, convex upwards, 
and sigmoid. Because of differences in slope, compounds will be rated differently at 
various LD levels. A resistance leveP' of a particular lot of spores to all compounds 
could not be demonstrated, hence a standard will not correct experiment variation. Test 
fungi sliould be selected on the basis of reproducibility of results, ease of counting, and 
ready production of spores in quantity. An experimental design to give maximum effi- 
ciency is suggested: 5 doses, dose ratios of 2.000 or 1.414, 100 si3ores per count, no 
replicate counts, at least 2 fungi, graphic methods of obtaining LBSO and LD95, 2 repli- 
cate experiments and for error term highest interaction involving compounds. 

Wetting Agents in Eelation to the Control of Fowdery Mildew of Eoses under Green- 
house Conditions. McClellan, W. B. Experiments with spray materials for the control 
of powdery mildew of roses, grown under glass, have shown that the addition of certain 
wetting agents to spray solutions often increases the effectiveness of these spray solutions 
when a severe mildew infestation is present. Two factors, degree of wetting, as deter- 
mined by contact angle measurements on rose leaflets, and toxicity, as measured by spore 
germination tests, have been found responsible for the differences between spray solutions 
containing different wetting agents. In one experiment, applications of Walcolized 
Sulphur 1: 1200 plus IN438 at concentrations of 1: 500, 1: 1000, 1: 2000, and 1: 4000 
were compared. The percentages of lesions remaining active at the end of the experiment 
were 12.8, 16.7, 40.3 and 58.9 per cent, respectively. In another experiment applications 
of Walcolized Sulphur 1: 1200 plus IN438, IN181, Aresket 240, S.E.C. Oil, Santomerse 8, 
Vatsol OT, Grasselli Sticker Spreader, each at a concentration of 1: 1000, and plus water 
alone were compared. The best control was obtained with Walcolized Sulphur plus Vatsol 
OT. Laboratory tests have shown that Vatsol OT wets rose leaflets better than any of 
the other materials tested and that it possesses considerable toxicity to the mildew conidia. 
Grasselli Sticker Spreader, IN438, and IN181 gave good control chiefly because of their 
toxicity to the mildew. 

Control of Cercospora Leaf Spot of Peanut with Proprietary Sulphur Dust. Miller, 
Lawrence, I. Studies initiated in 1938 were continued during 1939 and 1940 in South- 
eastern Virginia in an effort to evaluate the relative damage caused by Cercospora leaf 
spot and also to determine the effectiveness of different sulphur-dust-application schedules 
in the control of Cercospora leaf spot. Eesults of field experiments indicate that leaf spot 
causes approximately 30 per cent reduction in yield of nuts and 40 per cent reduction in 
yield of hay. Dusting 3 times with a conditioned 325-mesh sulphur reduced the amount 
of leaf spot to such an extent that excessive shedding of leaves was prevented. As a 
result, the sulphur-dusted peanut plants not only yielded more nuts and hay than non- 
treated plants, but also produced higher quality nuts and hay. It was demonstrated also 
that sulphur-dusted plants may be held in the ground 5 to 10 days longer than nontreated 
plants without serious loss of nuts through shedding. 

Effect of Fungicides on Quality and Yield of Sour Cherries. Mills, W. D., E. H. 
Lewis, and M. Adams. A five-year test on Montmorency cherries was initiated in West- 
ern New York in 1940. Four fungicides were applied to 4 rows each in a modified Latin 
square. Lime sulphur and Bordeaux mixture caused more foliage injury than flotation 
paste and copper oxychloride. The number of cherries per pound at harvest with lime 
sulphur (124) and Bordeaux mixture (121) was significant over flotation (111) and copper 
oxychloride (106). The yield in pounds per tree was significantly less with lime sulphur 
(34) and Bordeaux (33) than with flotation (44) and copper oxychloride (41). The 
percentage of solids in solution in the fruit was significantly higher for Bordeaux (16.2) 
and copper oxychloride (15.4) than for lime sulphur (14.2) and flotation (13.7). Goceo- 
myces spot Avas low for all treatments through July. On August 23 leaf spot on flotation 
was 23, lime sulphur 10, copper oxychloride 3, and Bordeaux 1 per cent. Total retained 
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leaves August 23 were 93-96 per cent with all treatments. On October 1 significantly 
more were retaiued^^on Bordeaux (90) and copper oxychloride (89) than on fiotation (76) 
and lime sulphur (69) per cent. Significant correlations were found between spray injury 
and size of cherries and between cherry size and yield. 

A71 Undescrihed Storage Bot of Celery. NewhalL; A. G-. A serious storage rot of 
late celery, causing losses in 5 counties in western New York, has been traced to a fungus 
described by Westerdijk in 1924 as Cercospora ca^'i, the cause of ^^Anthracnose’’ on 
cara\vay. The name greenish black rot’’ is suggested to distinguish this disease from 
the Phoma root rot with wdiich it has been confused. Infection seems to come from the 
soil, although first symptoms rarely appear until after 8 or 9 weeks in cold storage. A 
soft rot then present progresses rapidly upward on the butt ends. Of 12 commercial 
varieties tested on infested muckland none was markedly resistant, though Easy Bleaching, 
Utah, and Columbia Avere somewhat less affected than Giant Pascal, Golden" Plume, and 
Meisehe’s Improved Golden. The fungus is characterized by coarse, deeply colored, 
torulose mycelium and sparsely produced hyaline to subhyaline, falcate conidia possessing 
an appendage on the basal cell that really excludes it from the genus Cercospora. Growth 
in culture takes place between 0° and 27"^ G. with the optimum close to 15^, and at a pH 
range between 3.35 and 7.32 with an optimum near 5.3. Of 10 fungicidal dips applied at 
harvest time to the butt ends of several hundred celery plants only organic mercurials, 
considered unsafe, were effective in reducing subsequent storage rot. 

Eost Mange md Overwintering of the Lettuce Shot-hole or Antlwacnose Mungus, 
Marssonina payiattoniana. Newhall, A. G. Anthraenose, shot hole, or ring spot of leaf 
and head lettuce occurs sporadically in market-garden areas in New York State on early 
spring and late fall plantings out-of-doors, whence it makes its way into greenhouses. By 
inoculating with spore suspensions the disease has readily been transferred from cultivated 
lettuce, Lactuca sativa to the following native species, L. scariola, L. scariola var. mte- 
grata, L. spicata, and L. canadensis. In addition the following species sent by Boss C. 
Thompson also have been infected in the seedling stage, L. altaica, L. laciniata, A. saligna, 
L. virosa, L. mdica, L. grammif oUa, and L. muralis. Soil from beneath diseased plants 
was found harboring the disease for 3 months but not for 6, at which latter time it had 
become air-dry. Infected plants of L. scariola and its variety integrata with abundant 
stem lesions have been found growing wild in 2 counties. Lettuce seedlings have been 
infected with the fungus from this source indicating the probability that Marssonina 
paoiattoniana overwinters on native Lactucas, particularly L. scariola var. integrata in 
New York. 

Silver Sprays with Pro^nising Fungicidal and Adhesive Properties. Nielsen, L. W. 
Over 70 silver preparations were tested for fungicidal and adhesive properties by the 
following method ; potted potato plants were sprayed, given an artificial-rain treatment 
and then inoculated with Phytophthora infestans. The number of lesions developing on 
the plants, with and without rain, was taken as a measure of the adhesive and fungicidal 
properties, respectively. Three mixtures offering special promise contained silver nitrate, 
calcium hydroxide and a third component, i.e.^ manganous sulphate, ferrous sulphate or 
ferric sulphate. In each ease the molar concentration of the third component giving maxi- 
mum practical adhesiveness was equal to that of the silver nitrate, -i.e., 0.0035 molecular 
weight per gallon. This concentration equals 100 p.p.m. of silver. For the mixtures con- 
taining either ferrous or manganous sulphate, a calcium hydroxide concentration 1.1 times 
the sum of the chemical equivalents of the metal salts gave greatest practical adhesiveness. 
For the ferric sulphate mixture, a calcium hydroxide concentration approximately 5 times 
the sum of the chemical equivalents of the metal salts is most effective. The most adhesive 
spray is the ferrous sulphate mixture. These sprays have compared favorably with Bor- 
deaux mixture in various tests. 

The JDevelopmeiit of a New Method for Determining the Effect of Supplements upon 
the Solubility of Copper Fungicides. Nikitin, A. A. Supplements may change the solu- 
bility of fungicides and their toxicity. It is essential to determine this change in the 
solubility of fungicides. Changes in solubility, caused by supplements, are not always 
pronounced enough to permit their measurement. It is necessary to amplify the change in 
solubility that may be caused by the supplements. Organic acids are not practical, since 
they change the chemical composition of fungicides. Apple juices increase the solubility 
of copper fungicides to the desired extent without altering their chemical composition. 
This new method of measuring action of supplements on solubility of fungicides is based 
on the determination of soluble copper formed in the presence of fruit juices. The effect 
of supplements at higher concentrations of copper ions is more pronounced, and the study 
of the chemical compatibility of supplements with fungicides is facilitated. Wheat flour 
activates copper fungicides less than soya flour. This was confirmed by field tests on 
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appleSj Avliere tlie use of soya flour caused more injury than wheat flour. A study was 
made on the degree of dissolving action of juices from several varieties of apples in rela- 
tion to their susceptibility to spray injury. 

Control of Chib Hoot on Cabbage with Mercurials, Palmer,, Ealph G. Mercuric 
chloride, dissolved in water (1-100 and 1-1500) and mercurous chloride suspended in water 
at the rates of 5 and 7.5 lb. per acre, gave striking control of club root on cabbage. The 
mercuric chloride was used at the dilutions specified above, and the mercurous chloride was 
suspended in water with the aid of gum arabic. One-third pint of the various solutions 
was applied to each plant at planting time by means of the usual watering attachment on 
the planter. The plots were located on sandy soil known to be heavily infested with Flos- 
modiophora brassicae. Boots of check plants were severely clubbed and deformed and 
lateral fibrous roots were almost eirtirely absent. Treated plants had normal root systems 
with a few lateral roots showing clubbed portions. Check rows, treated only with water, 
failed to mature more than 10 per cent of marketable-size heads, and many of the plants 
died in midsummer, particulaidy in the wetter portions of the field. All treatments gave a 
very large percentage of mature and marketable heads, even in moist locations. 

Effects of Potash on the Tip Burn of Cabbage. Palmer, Ealph G. Increase during 
recent years in prevalence and severity of tip burn on cabbage promi3ted experiments test- 
ing the relation of potash and phosx^horus to this nutritional disorder. Trials of broadcast 
appheations of 1515 lb. per acre of a home mixed 4i-13-12 fertilizer, of the same home 
mixture, less the potash, and of 1000 lb. per acre of a factory mixed 5-10-5 gave decided 
diflerences in tip burn and yield on sandy soil in Monroe County. The plots receiving 
potash in either mixture were almost completely free from tip burn, even in the lower 
portions of the field, and what slight tip burn was found apparently did not reduce yields 
or quality of the affected heads. Where no potash was used, nearly every plant showed 
injury, the plots averaging 64 per cent moderate to severe tip burn. The differences at the 
plot margins -were most striking. Yields were definitely reduced on the no-potash plots, 
averaging 14.97 tons an acre as compared with 23.29 tons an acre on the home mixed and 
24.16 tons on the factory mixed complete fertilizers. Differences in tij) burn and yield 
were fully consistent between the various replications. 

Treating Chlorotic Pin OaTcs by Trunh Infections and Soil Treatments. Pirone, P. P. 
Inserting collodion capsules containing ferric phosphate in holes bored into trunks of 
chlorotic pin oaks restored normal green color to foliage and increased twig growth within 
a few months after treatment. The trees were growing along streets in Newark, New 
J ersey, in an area underlaid with ashes and other refuse, the entire area having previously 
been a dump. Five grams of ferric phosphate per inch-diameter of the trunk were used. 
The number of holes (4 inch diameter) varied from 1 to 4 per tree, depending on trunk 
diameter. The chemical was inserted on April 24, 1940, when the trees were still dormant. 
The holes were plugged with grafting wax. Besides adequate control trees, the tests 
included soil treatments. A 3- to 5-lb. mixture of powdered sulphur, aluminum sulphate, 
and ferrous sulphate (ratio of per lb.) was placed in holes around the trees according 
to standard fertilizing procedure for shade trees. Three months later, the leaves of most 
trees treated by trunk injections with ferric phosphate were normal-green, whereas nearby 
nontreated trees showed severe chlorosis, as in previous years. Trees receiving soil treat- 
ments showed considerable improvement in leaf color and twig growth over nontreated 
trees but were less healthy than those receiving trunk injections. In all, more than 30 
trees varying from 2 to 8 inches DBH were involved in the tests. 

The Mode of Overwintering of Entomosporium maculatum in Louisiana. Plakiuas, 
A, G, In recent years Entomosporium maculatum leaf spot has become serious on the 
Chinese sand pears in Louisiana, causing severe defoliation in early summer. For years 
it was evident that the dead leaves served as the source of inoculum because infection in 
the spring Avas noted to start on the branches close to the ground and gradually spread 
upward. It Avas assumed that ascospores developed on the dead leaves, but, since Smith 
and GoldsAvorthy had failed to find the Fabraea stage in Maryland and Missouri, it 
appeared doubtful that it would occur in Louisiana. Dead leaves Avere examined periodi- 
cally during the Avinter and spring in 1939 and 1940. No ascospores Avere found, but 
eonidia were found in great abundance on the overwintered dead leaves in the spring. 
Infection was secured by placing dead leaves in cheesecloth bags on leafing pear branches 
in early spring. Bark cankers were not found, and eradicative sprays (4 lb. bluestone, 
4 lb. lime, 2 lb. of monocalcium arsenite, or iron arsenite, 1 qt. fish oil, 50 gal. Avater) 
applied late in January and designed to inactivate any cankers that might be present, 
gave no control. It is concluded that, in Louisiana, the fungus overwinters in the mycelial 
stage on the dead leaves and produces eonidia in the spring. 
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Dutch Elm Disease Eungus Prevalent in Barlc-'beetle-infested Elm Wood, Rankin, 
W. Howard, K. G. Parker, and Donald L. Collins. Samples of elm wood infested by 
the overwintering brood of Scolytus midtistriatus were collected at random from stations 
about 5 miles apart over an area of approximately 3000 square miles where the Dutch elm 
disease has existed for two or more years in New York State. By daily culturing of a 
fraction of the adult Seolytus beetles emerging from the 154 samples, beetles carrying 
Ceratostomella ulmi were obtained from 59 of the samples or 38 per cent of the total 
number. The samples were representative of over 100,000 dead and dying elm trees and 
additional elm wood on the ground found during the past year at over 30,000 locations 
in this same area. The average annual incidence of elms found dying of the Dutch elm 
disease in this area is only about one in three square miles. This proof of the prevalence 
of sources of inoculum and the low incidence of elms killed by the fungus seemingly 
indicate either a low efficiency for the beetle as an inoculating agent or a critical balance 
requisite for infection that is rarely satisfied. 

A Neio Virosis of Peach in Vtah, Eesemhling X-disease (yellow-red Virosis), Rich- 
ards, B. L, and Lee M. Hutchins. Symptoms resembling in some but not all respects the 
X-disease first described from Connecticut in peach and chokecherry (Prunus virginiana) 
were first observed in northern Utah in western chokecherry (Prunus demissa) in 1937, 
and in peach in July, 1939. Prevalence has increased in both species. Incidence of 
infection in peach orchards varied from a trace to 80 per cent of the trees in 1940, the 
highest incidence being in the older trees. Artificial transmission of the disease from 
peach to peach was secured by graft inoculations performed in 1939 and 1940, the incubation 
period being variable. Of 40 Elberta nursery trees inoculated on July 26, 1940, all trees 
developed the disease within 6 weeks. Intercommunicability of the disease between western 
chokecherry and peach has not been established but is under investigation. In Utah, 
survey data show that affected plants of western chokecherry are present in the same 
general district where the disease is found in peach. However, these distribution studies 
show definitely that incidence of infection may be high in orchards located 1 mile or more 
from affected western chokecherry, and it is believed that under conditions in this area 
the disease spreads freely from peach to peach. 

Growth Substance in Crown Gall Belated to Time After Inoculation, Critical Tempera- 
ture, and Diffusion, Riker, A. J., Berch, Henry, and B. M. Duggar. Some aspects of 
the role of auxins in crown-gall development on tomato have been studied. Estimations 
of auxin quantities were obtained through more than 7,000 readings with the Avena 
coleoptile test. About 90 per cent of the day-to-day variations in the Avena test, as 
employed, or eliminated by converting curvature values to heteroauxin equivalents. No 
significant differences in auxin content were found between inoculated and control tissues 
at 1, 4, 8, and 16 days after inoculation. Galls and control stems from decapitated plants 
contained about half as much auxin, respectively, as those from whole plants. No significant 
difference was found between the auxin content of inoculated tomato stems grown at 27° C., 
where galls develop, and at 31° C., where galls do not develop. No significant difference 
appeared in the amount of auxin diffusing from stem segments bearing galls and from 
control segments. These 3 lines of evidence show that crown-gall and control tissues are 
similar in relation to auxin obtained by extraction and diffusion. Consequently, it seems 
that auxins are not primarily responsible for crown-gall formation. 

Ascospores of Ceratostomella ips and Ceratostomella montium. Rumbold, Caro- 
line T. The ascospores of the blue-stain fungi Ceratostomella ips and C, montium are 
rectangular parallelepipedal with square ends, possessing flanges on the outer walls. In 
water the spores appear ellipsoidal or cylindrical because of shape of the protoplasm. 
When stained with certain dyes the flanges may be seen readily. In the strain of C, 
montium studied the initial ascogenous hyphae grow among the large hyaline cells in the 
cavity of the immature perithecium, which is lysigenic. The hyaline cells disintegrate and 
fill the cavity with a mass of predigested food in which grow young asci containing 1, 2, 4, 
and 8 nuclei. The asci become detached and disintegrate before the ascospores mature. 
At first the ascospores are globular, then ellipsoidal, then rectangular parallelepipedal. 

Their shape does not result from pressure within the perithecial cavity. 

EinTcage in Bice of Two Besistant Factors to Cercospora oryzae. Ryker, T. C. The 
rice variety Blue Rose, which is susceptible to race 1 of Cercospora oryme, but moderately 
resistant to race 2, was crossed with Blue Rose selection 2854-3, which is resistant to 
race 1, but susceptible to race 2. Reciprocal crosses were made and 26 Fi plants were 
grown. From these a total of 1899 Fs plants were tested for their reaction to race 1, to 
race 2, and to both. Seed of 89 Fs plants representing 7 families was planted in the 
greenhouse and the plants were tested for their reaction to both races of the fungus. Also, 
54 Fo plants were tested by growing their progeny in the field and inoculating with race 2. 
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The p 2 population segregated with approximately 3 plants resistant to 1 susce])t.ible to 
each race of the fungus. The plants susceptible to one race of the fungus were, with few 
exceptions, resistant to the other. When the Fa plants were tested it was found that F. 
plants, susceptible to race 1, were homozygous for resistance to race 2 and plants, susta*pti])ie 
to race 2, were homozygous for resistance to race 1. Furthermore, Fo plants, resistant to 
both races, proved to be heterozygous for resistance to each race. This suggosts 2 single 
linked factors for resistance to races 1 and 2. In only a few instances ^vas thevt; any 
indication of cross-overs. These have not yet been tested. 

Development of Diplodia zeae and Gihherella sautinetii in Maize Filh FalJou'ing 
StalJc Inoculations, Semeniuk, G. In 1938 and 1939, respectively, Diplodia zcac spread 
78.1 and 68.0 per cent more in hybrid than in inbred strains of inaize, while Gibhereila 
sauMnetii spvesid. 4.5 and 55.4 per cent more. D, zeae spread 59.2 and 172.5 per cent 
more than G, sauhinetiim the pith of inbred lines and hybrids, respectively, in 1938 and 
80.7 and 113.5 per cent more in 1939. The length of the inoculated internode bore 310 
relationship to the spread of the pathogens. Correlation coefficients (r) in tlie spread of 
the pathogens in the pith of inbred Imes between 1938 and 1939 were highly significant for 
D. zeae (r = + 0.413; 1% point = 0.356) and G. sauhinetii (r = + 0.578; 1% point = 0.356). 
The spread of D. zeae and G. saubinetii in the pith of inbred lines in 1938 ( 1 ’ = + 0.432 • 
1% point = 0.335) and in 1939 (r = + 0.652; 1% point = 0.269) also were highly correlated. 
With hybrids, however, nonsignificant r values were obtained in 1938 (r = - 0.177' 5% 
point =0.463) and in 1939 (r = - 0.067; 5% point = 0.526) . The extent of natural stalk 
rotting of maize caused by Z>. seae was nonsignificantly correlated in 1939 with D. zeae 
development in the pith following stalk inoculation of inbred lines (r = + 0.191; 5% 
point=0.206) and hybrid strains (r = -!-0.G76; 5% point = 0.413). This same lack of 
relationship was obtained in 1940. 

An JEradicant Spray for the Control of Apple Scab and Faspberry Antliracnose in 
Minnesota, Sharvelle, E. G. In 1937-1940 several States reported successful eoiitrol 
of apple scab by ''floor-spraying^^ with the sodium salt of dinitrocresol (Elgetol) In 
the 1940 season 4 rows in an experimental McIntosh orchard were treated in early spring 
with a ground spray of 0.5 per cent of this material at the rate of 500 gallons acre, 
^ spray schedule was applied to the entire orchard during the summer. In the 

rail 1000 random-selected apples from trees in the "floor sprayed rows were hand 
scab. A comparable sample was taken from 4 control row at the other side 
of the orchard. From the non-floor-sprayed plot, 20.5 per cent of the fruit was infected 
to 4.1 per cent from the plot that did receive an application of 
to significantly reducing the amount of infected fruit, the severity 
or inieCTion as denoted by size and number of scab lesions was markedly reduced by the 
use of Elgetol as a floor-spray.^^ Preliminary experiments, with 0.5 'per cent Elgetol 
as a delayed dormant spray indicated that this material is worthy of further investiga- 

raspberry anthracnose. Infection 'was reduced from foo 
per cent of the hills infected in the nonsprayed rows to 80 per cent where Elgetol was 
used as a delayed dormant spray, severity of infection also bring greatly reduefcl by the 
sp 1 ay . 

A Freliminary Investigation of, the Value of a New Seed Protectant for Cant, in a 
Peas m Minnesota. Shaevelle, E. G., and B. P. Shema. During the past feV ve'irs 
of peas, caused mainly by RUzoctonia, Fythium, ani Aphanomyees 
have become a factor of some concern to the Minnesota cLuers. Attempts ve hem,' 

“suL“ dS tL ' "w V*®'® protectants with inconclusive 

7 past summer, a new, organic, non-metallie seed protectant “Sner- 

f ^ localities in Minnesota. Spergon was applied as 

t Ire ^ P®" tl^ese dusted seeds werl plauted in 7 

1 acre expeiimental plots in cooperation with 7 canneries in southern Mbi^A«A+o 

maximum increase from the use of Spergon amounted to 800 lb. of green peas per acre 
the average increase being 350 lb., or approximately 14 per cent. PiSnary iTWP.ria^?’ 
rions mdieate that Spergon shows promise as a seed protectant for canning peas^in 

early sweet varieties. Besides its seeming value as V seed 
p otectant, Spergon appears to stimulate the growth of the resulting plants. 

T 7*^^ Rotations for Control of Granville Wilt of Tobacco Smith 
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eantly more effective than soybeans, both were more effective than bare fallow, and all 
three cropping treatments were more effective than continuous tobacco. Within the same 
season 5-year rotations were more effective than 2- or 3-year rotations. The difference 
between 2- and 3 -year rotations was not significant. Absence of wilt-susceptible plants 
during the years intervening between tobacco crops did not assure a high degree of wilt 
control. Four- or 5-year rotations consisting of corn, soybeans, cotton, red top, small 
grains, or lespedeza, appear best for the usual farm conditions. The results varied widely 
from season to season and confirmed farmers^ experience that crop rotation fails to give 
consistent results. 

Successful Cross-Inoculations with Fusarmm from Tolacco and Sweet Potato. 
Smith, T. E., and K. J. Shaw. Fusarium wilt of tobacco appeared following sweet 
potatoes at Creedmoor and McCullers, North Carolina, Florence, South Carolina, and 
Tif ton, Georgia. At the first 3 locations this was the first known appearance of the 
disease in the immediate areas, and, at the fourth location, first appearance was asso- 
ciated with both continuous tobacco and sweet -potato rotations. No Fusarium wilt de- 
veloped on tobacco grown in rotations with cotton and cowpeas, although in some in- 
stances Fusarium infection exceeded 50 per cent on these crops. On plants grown in 
sand culture in the greenhouse, successful inoculations on sweet potatoes were made with 
21 Fusarium cultures from 21 naturally infected tobacco plants collected in Maryland, 
North Carolina, South Carolina, aiid Georgia. Tobacco was slightly more susceptible 
than the sweet potato. Several collections from sweet potato were pathogenic on tobacco, 
but these were collected in areas where Fusarmm was present on tobacco. 

Susceptibility of Planera and Several Elm Species to Ceratostomella ulmi. Smucker, 
S. J. The susceptibility of several species and varieties of elm to Ceratostomella ulmi 
was tested in 1940. Eesults, based on extent of dieback of the main leader at the end 
of the growing season, showed Ulmus laevis^ JJ. procera, U. japonica and the ‘‘Mormon 
elm^^ less susceptible than U. americana and 27. foUacea; JJ. foliacea var. Christine 
Buisman, highly resistant; and 27. pumila and its varieties pinnato-ramosa and arborea, 
slightly susceptible. Three trees of the water elm, Planera aquatica, a new host genus 
for C. ulmi, developed pronounced wilt and considerable dieback shortly after inoculation 
with C. ulmi. 

Effect of Nitrogen Nutrition on Virus Inactivation in Tobacco. Spencer, Ernest L. 
Experiments have shown that tobacco-mosaic virus (Marmor tabaci) can be partially 
inactivated within the host by reducing the nitrogen supply. Turkish tobacco seedlings 
(Nieotiana tabacum) in sand cultures were inoculated with tobacco-mosaic virus. Ten 
days later the plants were divided into 2 groups; one group continued to receive a plus- 
nitrogen solution, but the other group was supplied a minus-nitrogen solution. At 4-day 
intervals thereafter, representative plants from each group were harvested, frozen at 
-10® C. for 24 hours, and then minced. The expressed juice was assayed for total-pro- 
tein content, virus-protein content, and relative virus activity. The virus protein was 
isolated in an ultracentrifuge, measured, and then tested for virus activity. In nitrogen- 
deficient plants the virus-protein content, as well as the plant-protein content, remains 
practically constant, whereas in nitrogen-fed plants each increases more than 5 times 
during a 16-day period. Hence, neither the plant nor the virus appears able to utilize the 
protein of the other when nitrogen is deficient. Nevertheless, th virus protein is altered 
in some way with a resultant decrease in activity. 

Accuracy of the Local Lesion Method for Measuring Virus Activity. Spencer, 
Ernest L., and W. C. Price. The accuracy of the local-lesion method for measuring 
activity of tobacco -mo sale virus (Marmor tabaci) , alfalfa-mosaic virus (M. medicaginis ) , 
tobacco-necrosis virus (M. lethale), and tobaceo-ringspot Yims (Annulus tabaci) has 
been investigated. The method used is based on a comparison of the dilution curves 
obtained with an equal number of dilutions (usually 3) of both the standard and the 
unknown tested on an equivalent number of leaves of the test plant, Phaseolus vulgaris 
var. Early Golden Cluster. The data show that this comparison is more accurate than 
that involving only one dilution of the standard and one of the unknown. The error of 
estimation of tobacco-mosaic virus, for example, was less than 15 per cent when the 
difference between the standard and the unknown was 10 per cent, less than 30 per cent 
when the difference was 25 per cent, and about 50 per cent when the difference was 75 
per cent or more. The method should prove applicable to other plant viruses, provided 
a test plant that responds to infection by production of suitable local lesions is available. 

The G-rowth of Basisporium gallarum in Maise Cobs. Standen, J. H. Three con- 
ditions seem necessary to the growth of Basisporium in maize cobs: dying or dead cob 
tissues; loose, spongy cob tissues usually associated with immaturity; and conditions of 
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temperature and moisture favorable to growth of fungus. Investigations dealt mainly 
with resistance and susceptibility as related to cob structure. Chemical analyses of cobs 
readily attacked by JBasispornm show sugar content of such cobs higher than that of 
more mature cobs. However, addition of sugar and peptone to meal of well-matured cobs 
failed to produce growth of fungus corresponding to that on meal of immature cobs. 
Substances other than simple nutrients necessary for growth of the fungus apparently 
are more abundant in immature than in mature cobs. On addition of extract of imma- 
ture to well-matured cobs, growth of Basisporium was more vigorous than on cobs not 
containing the extract, but the retting produced by the action of the fungus on immature 
cobs was not obtained. ^ In general, immature, soft cobs were susceptible; mature, hard 
cobs were resistant. Lignin fractions were only slightly higher in the latter, but specific 
gravity was higher and water-holding capacity lower, indicating a difference in tissue 
structure. Therefore, both composition and structure of maize cobs were associated 
with resistance and susceptibility to Basisporium gallarum. 

A Comparative SUidy of the Chemical Composition and Calorific Value of Decayed 
Cordwood. Steinmetz, F. H., and M. T. Hilborn. Previously reported studies showed 
that the calories per gram of decaying wood decreased faster than the decrease in specific 
gravity, indicating that wood components are not alike in calorific value. A chemical 
analysis of samples of decaying wood shows, however, that all the principal wood com- 
ponents decrease similarly as decay progresses. 

A Transmissible Mosaic of American Blm. Swingle, E. TJ., P. E. Tilpord, and 
Charles P. Irish. ^ A mottled-leaf condition resembling a virosis was obseiwed on Ameri- 
can elm in the vicinity of Cleveland, Ohio, in 1927. Later, trees showing similar symptoms 
were noted in several locations in Ohio and other eastern States. Esually some leaves 
on diseased trees are normal in size and texture, whereas others on the same tree may be 
abnormally large or small, stiff, and frequently distorted. Small leaves show typical yellow 
mottling accompanied by rugosity. On some trees the mottling is more diffuse. 
Mild to moderate brooming of branches may occur. There is no discoloration of bark or 
wood in either tops or roots. Wood of affected trees seems dry and is often brittle. Dis- 
eased^ trees generaUy decline in vigor from year to year becoming unsightly because of 
thmning of foliage and death of scattered branches. Thus far, none of the diseased trees 
under observation has died. In June, 1939, 22 healthy trees were grafted with diseased 
bark patches secured from 4 mosaic elms at Cleveland, Ohio. In June, 1940, 19 of these 
trees showed typical mosaic symptoms. All check trees and those on which grafts were 
unsuccessfully attempted remained healthy. s weie 

Copper Fungwides for Control of Cherry Leaf Spot. Taylor, Caelton F. Surav 
experiments in West Virginia, in 1940, showed that 4 lime-sulphur sprays inadequately 

Montmorency cherries. Bordeaux mixture at 3-5-100 
controlled leaf spot, but, in some cases, caused excessive leaf 
^ proprietary copper compounds were much superior 

5* u They oflered adequate protection and caused very 

ctteit oL tria s copper oxalate (4 lb. of 19 per cent metallic-copper 

notawLtfH/fnf^^'^ 100 gall, water) gave adequate protection and caused 

after to Certain copper sprays, applied August 1 (immediately 

alter harvest), to severely infested trees reduced subsequent infection and defoliation 

foliage present at this date was retained untii 
& mW September ® virtually defoliated 

Species Integrity of the Loose Smuts of Barley XJstilago 
mda, V. mgra, and U. medians. Tapke, V. F. Five hundred barley loose smut cXetlon 
from many parts of the country were studied. On potato-dextrose agar at 20° G the 

FTdf(JeLTKrirand®^““' produced: (1) only the mycelial thread! that chLcte^e 
n-f* Sw., or (2) only tbe spondia that characterize JJ. niara TTanke^i 

Pr?clu<Md threads while the remainder produced sporidia The last is 
n im (Biedenkopf) was bLed when^V de^^^ed 

in 1894. By 3 different techniques it was conclusively proved that eveiw “ 77 
collection was simply a mixture of the mycelium-proteing F Wo 

apTSyT! errtro^^r^^^^^^ “mut: 

rz/z 
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A Proposed System of Virus Nomenclature and Classification. Thornbeeky, H. H. 
Tlie lierem_ i3roposed system of virus uomenclature and classification is based upon the 
infectious intracellular agents that are parasitic on the generally recognized groups of 
organisms. Technical names of the viruses based upon their chemical constituents and 
the Geneva system is impossible at present. Therefore, and for the purpose of utility, the 
intracellular infectious agents that fail to increase in a cell-free medium are assigned to 
an Order (Biovirales) in adjunct to the bacteria (Class Schisomyceta, Phylum Thallopliyta 
of the PLANT kingdom). The families 1. Bickettsiaceae Pinkerton 1936 (genera Derma- 
centroxenus Wollbach 1919, Biclcettsia Pinkerton 1936, and WoUbachia Hertig 1936) 2. 
Pliytoviraceae (genera Phytovirus, Pteridovirus, Bryovirus, ThalloviruSj and Bacterio- 
pliagus) and 3. Zooviraceae (genera Zoovirus and Insectivirus) are proposed. Classifica- 
tion of the Phytovira is based upon susceptible groups of organisms, methods of transmis- 
sion, and symptoms on the respective standard hosts. The species portion of the binomials 
for Phytovirus is compounded from the first, or more, syllables of the generic name of an 
important host, prefixed to a Latin word implying one of the chief symptoms on a respec- 
tive standard host (Phytovirus nicomosaicum ysLYietj vidgare) . Six rules of proof for a 
virus disease of plants are suggested. 

Current Besearch in the Control of Injurious Bodents. U. S. Pish and Wild Life 
Service and Kenneth J. Kadow. Rodent damage to root stocks, bulbs, and tubers by 
breaking protective surfaces and lowering the vitality of the plant prepare the way for 
pathological conditions. In orchards and nurseries throughout Delaware root injury is 
prevalent due to activity of meadow and pine mice. Types of injury are illustrated. New 
control methods using fruit and vegetable habits are explained. The value of soil fumi- 
gants and repellent coatings to offset rabbit damage and damage by mice and moles is 
discussed. 

Experimental Production of Symptoms in So-called Becovered Bingspot Tobacco 
Plants and Its Bearing on Acquired Immunity. Valleau, W. D. The effect of lowering 
the greenhouse temperature on tobacco plants inoculated with 6 distinct seed-transmitted 
strains of ringspot virus (Annulus tabaci) was studied. Affected seedlings of 4 strains 
were yellow, a fifth bleached so-called recovered leaves slightly, the sixth was non-bleach- 
ing. "Following so-called recovery of inoculated plants, growing-point leaves developed 
marked chlorosis and necrosis (distinct from bleaching) each time the temperature was 
lowered to 20° 0., except ^ ^yellow ringspot’’ plants. With a rise in temperature diseased 
leaf growth was more normal and new leaves appeared normal except for bleaching, 
which occurred, as the leaves became older, on plants affected by 5 strains. Pollen sterility 
varied from slight (^^ yellow ringspot”) to almost complete in other strains, resulting in a 
corresponding reduction in seed set. The results are considered as proof that ringspot- 
affected plants do not recover, but merely enter a second phase of the disease following 
invasion of embryonic tissue. Plants in the second phase cannot be considered to have 
developed immunity, according to the usually accepted definition of the word. Protection 
afforded by one strain of the virus against reinfection with the same or another strain 
can be explained by competition. 

Studies on Boron Deficiency in Carden Beet (Beta vulgaris). Walker, J. C., and 
J. P. JoLiVETTE. The development of internal black spot, due to boron deficiency, was 
found to vary from 79 per cent diseased plants in variety Good for All to practically 
none in Half Long Blood; strains of Detroit Dark Red, Crosby Egyptian, and Early 
Wonder ranged between these extremes. Garden beets are, in general, more susceptible 
than sugar beets. Where 20 lb. of borax per acre was sufficient to completely control 
heart rot of the latter, 40 lb. per acre was necessary for commercially successful control 
of internal black spot of garden beet. The disease was reduced to practically nil when 
borax was applied as a spray at 40 pounds per acre in midseason up to 1 week before top 
symptoms appeared. When a 40-lb. treatment was made on Poygan clayey silt loam 
(pH 7,5“7-8) the corrective effect still prevailed the second successive season with garden 
beets. When a 20-lb. treatment was made in the same field the treatment was effective 
the second season with sugar beets, but it was not completely effective during the third 
season. 

Transmission of the Planetree Ceratostomella in Asphalt Wound Dressings. Walter, 
James M., and Paul V. Mook. Field observations on cases on the Ceratostomella canker 
and wood-stain disease of sycamore, in which infection obviously began at pruning 
wounds treated with asphalt paints, indicated that the latter probably were not antiseptic 
and might transmit the fungus. Arborists, for practical reasons, so handle their paint 
cans and brushes that sawdust and bark fragments are carried by them from wound to 
wound- Agar-plate tests of the survival of the fungus in wound dressings were made, 
the inoculum being infected sawdust. The results were positive for a number of the 
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popular asphalt type. Two kinds of dressings that prevented growth of the fungus were 
found to be toxic to syemnore cambium. Experimental applications of 12 brands of 
wound di*essings containing Ceratostoinella-infected sawdust were made to pruning 
wounds on London planes. Infections occurred with 7 asphalt dressings, the percentage 
of treated wounds developing the disease varying from 36 to 100. This information 
suggests the need for antiseptic wound dressings that are non-in jurious to cambium 
Further study of the problem, involving tests of the effects of fungicides added to 
asphalt paints, is in progress. The planetree-disease demonstration includes materials 

illustrating survival and transmission of the fungus in asphalt dressings. 

The Melation of Bacterium malvacearum to Anthracnose Boll Bot of Cotton. 
Weindling, Hichard, and Paul R. Miller. During surveys of cotton-boll rots in 1938— 
1940, aiomerella gossypii was isolated frequently from boll lesions bordered bv water- 
soaked green margins. In 1940, Bacterium malvacearum was secured from the margin of 
such lesions in most cases when isolation was attempted. In order to determine more 
accurately the relation of the bacterium to anthracnose boll rot, flowers and voung bolls 
of cotton were atomized with suspensions of B. malvacearum saili. of conidia ot Glomerella 
Ihe organisms were used singly and in mixture. Anthracnose lesions resulting from* 
inoculation with the mixture were more conspicuous and much more numerous than those 
produced by the fungus alone. Furthermore, only infection with the mixture produced 
the kind of lesions with water-soaked margins noticed in the surveys. Evidentlv infec- 
tion of bolls with G. gossypii is frequently made possible by B. malvacearum. ‘ ^ 

of Inhibition of Spore Germination : A Factor in Spore-germmatmi Tests 
of Fungicides. Wellman, R. H., and S. E. A. McCallan. Duration of inhibition as 

determining percentage of germinated spores on glass 
si des in triplicate experments, was not the same for 6 compounds examined (copper 
chloride, Bordeaux mixture, Cuprocide and two aliphatic organic com- 
pounds) on a single fungus or for a single compound on 4 fungi examined (Sclerotinia 
fructicola, Alternaria solani, Glomerella cingulata, and Macrosporium sarcinaeforme) In 
some eases, no significant change in percentage germination could be demonstrated after 6 
cliange in percentage germination between 24 and 48 hours was 
significant. Since no significant change took place between 48 and 96 hours, little addi- 
tional information can be obtained by counts made after 48 hours. The reproductiMitv 
of results did not differ at any given time of counting between 6 and 96 hours. In order 

necessary to consider time lapse before counting 

- *“• -:s”s 

"" species, of either Eehnmthosporium or Curvularia. Further field and lab' 

that eertam selected strains of Agrostis palustks are’resistant. ^ ' ^ ^ indicate 

Fhoinopsis Fruit Fot of Toviato, Wiant Jame'? 8 A .nc/viac. t >7 ■ 

im Watpso^ak^L“*an1 rapist 

^ Varietal Besistance of Wheat to Loose Smut WmcAP-n q a Q+ ; 3 * v. 
ties and selections of wheat over thp on Studies of 80 varie- 

relative susceptibility to loose^mut Section. olZ'StoiL^eSvSrand sit- 
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tions tested, Forward (0.1. 6691), Kawvale (C.I. 8180), Leapland, Leap (C.I. 6958), 
Marmin (C.I. 11,502), Pete Edwards, Bedhart, Tenmarq, Sel. T-47-55, Trumbull (C.I. 
5657), FulMo (C.I. 6999), and Fulcaster (C.I. 6471) over a 5-year period have been con- 
sistently low in loose smut, • whereas Fultz, Gladden (C.I. 5644), Michigan Amber (C.I. 
5620), Arlando (C.I. 10069), Purdue No. 1 (0.1. 11380), Poole (C.I. 3488), Bed Bock 
(C.I. 6951), and T-N-1047-Ohio have been consistently high in loose smut. Of the 35 
V.P.I. selections that have been tested over a 14-year period, 8 have run consistently low 
in loose-smut infection. 


The Influence of Tohacco-mosaic Virus on Cellular Oxidation. Woods, Mark W., 
AND H. G. duBuy. Three different oxidation components contributing to the rate of 
protoplasmic streaming in tobacco have been determined during progressive suffocation. 
The first of these, the ^ ‘ A component, ’ ^ ceases to function at a certain oxygen level, as 
measured by protoplasmic streaming. Later, a component’’ drops out, while, at the 
lowest oxygen tensions, protoplasmic streaming is energized only by a ^^C component.” 
The A and B components can also be reversibly inhibited with NaCN or KCN. After 
infection with tobacco mosaic virus number 1, there is a reduction in the activity of the 
A component 48 to 62 hours after infection. The B and C components are not affected 
until the A component is completely inactivated, then there is a rapid increase in the 
activity of 0. The B component is generally not affected. The 3 oxygen-sensitive com- 
ponents that energize protoplasmic streaming are believed to be respiratory catalysts, 
since measurements in the polarographic respirometer show a similar 3-step reduction in 
respiration rate during suffocation. The reversible inhibition of virus multiplication by 
NaCN, as previously reported, indicated a dependence of the virus mechanism on certain 
of these catalysts. The above data now indicate a specific action of the virus on a 
cyanide- sensitive respiration component. 


Fungi Observed in the Trunlcs of Young Fine Trees in Natural and Artificial Estab- 
lished Forests. York, Harlan H. This paper deals primarily with the results of cultural 
studies that the writer has made from the trunks of more than 500 white, red, Scotch, and 
jack pine trees in forest plantings, and of more than 100 white, red, and Virginia scrub 
pines that developed where the seed fell. The age of the trees ranged from 5 to 35 years. 
This w’ork was done in connection with the writer ’s investigations of various root and root- 
crown diseases in the artificially established forests of the City of Bochester, near Spring- 
water, New York. Summarized, the results are: 1. Observation of various species of 
fungi and bacteria were found in most of the nodes and internodes of exainined trees, in- 
cluding the current season ’s growth. 2. The number and variety of organisms in appar- 
ently normal trees that developed where the seed fell were many fewer than in seemingly 
healthy individuals from the planted forests. 3. The trunks of trees showing very early 
symptoms of root and root-crown disturbances had many more and a greater variety of 
fungi than those showing no visible indications of disease. With the advance of disease in 
the parts below ground, there was a marked increase in the number and variety of these 
organisms in the trunk of the tree. 

Belative Susceptibility of Young Fine Trees in Artificial and Natural Stands to Vari- 
ous Boot, Boot-crown, and Butt Fungus Parasites. York, Harlan H. Investigations 
over a period of 12 years in forest plantings of white and red pines show that there is a 
definite relation between the way in which the roots of a tree are placed in the ground 
and root, root-crown, and butt diseases. Although the reactions to these parasites may be 
accentuated by abnormal biological and other factors in the^ soil and ^ by the absence of 
X^roper silvicultural practices, the age of the tree and the way in which its roots are placed 
in the soil at time of transplanting undoubtedly play a very important part in influencing 
its susceptibility to fungus parasites that cause root, root-crown, and butt diseases. 


The Effects of Copper Sprays on Tomato Yields. Young, P. A. In experiments at 
Jacksonville, Texas, tomatoes were sprayed for the last 5 years to find copper spray mate- 
rials cheaper and more beneficial than Bordeaux mixture. The last 3 seasons were rainy, 
resulting in serious damage by Alternaria solani and Bacterium vesicatorium in many 
local nonsprayed tomato fields. The best spray chemicals satisfactorily controlled tomato 
leaf and fruit diseases in that the sprays delayed the appearance and decreased the spread 
of parasites long enough to facilitate profitablo yields of fruit. ^ On the basis of 3-year 
averages, thousands of Mar globe plants sprayed with the following ch^nicals at recoim 
mended concentrations, gave the following percentages of the yields of the nonsprayed 
checks : Basicop 113 per cent, Bordeaux mixture 101 per 

hydro ^^40” 110 pel' cent: Ouprocide 99 per cent, and Nichols Z-O 113 per cent. Yields 
ranged from 4.71 to 12.78 tons of marketable fruit per acre. The copper sprays only 

rarely caused necrotic spotting of the leaves. 
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1 of a Leaf Variegation in Beans. Zaumeyer, W. J. Two troes of 

leaf vanegatioa resembling mosaic have recently been observed in beans, one of wMoh 
appeared both on primary and trifoliate leaves and, the other, only on trifoliate leaves 
The symptoms of the two are alike but are inherited differently. The inheritance of the 
hrst typ^e is here reported. Results show that it is governed by at least 2 Mendelian re- 
cessive factors. In Pa all plants from reciprocal crosses were green. In Fo a ratio of 
15^ green to 1 variegated plant occurred. Eg progenies from green Fo plants segregated 
into 3 classes in the ra^^ (D (^) gr^e^o 1 ZtglZT 

and (3) 3 green to 1 variegated, respectively. Many variegated recessive progenies and 
vanegated parents did not breed true. It is believed;however, that they wei^Szy^^^^ 
^ factors for variegation. Modifying factors were probably responsible^for 
the observed of true breeding. Out-crossing variegated plants with varieties not 

W fi^nr' Semtance to Six Physiologic Paces of Bean Bust. Zaumeyer 

and hybrids inoculated with races if 2 6 and h 

and incompletely dominant in those inoculated with races 11 and 17 Tt i. i 


SOME PROBLEMS IN HANDLING AND INTERPRETING PL INT 
DISEASE DATA IN COMPLEX FACTORIAL DESIGNS^ 


W. H. Tharp, C. H. Wadleigh, and H. D 
(Accepted for publication June 14, 1940) 
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INTRODUCTION" 

liata are expressed as percentages, or some 
elative scale of an index system is used. Bliss (3) and others (5 6) have 
P^ted out that when such data are to be subjected to the analysis If 
variance It may be found necessary to transform them to some new scale 
order to construct a valid estimate of the generalized standard error, 
wever, when percentage data are from experiments where larire differ 
enee. are beared tor certain of a. dieeaeecontrol aeatm Js ^ “ 
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yet, they may not always be interpreted with confidence on the transformed 
scale. In view of these difficulties pins the fact that the experimenter seldom 
has time to try out several types of analyses on a set of data, it is obvious 
that it would be helpful if there were some simple guide as to the need for 
transformations, as to the specific type to use for a given problem, and as to 
the nature of the changes that would be induced in the data. On the other 
hand, development of some simple but reliable generalized scheme for avoid- 
ing transformations might be found even more helpful. This note deals with 
some of these problems and is presented with the hope that it may be helpful 
to others who have encountered similar difficulty. 

In the course of experimentation concerned with mineral nutrition of 
cotton in relation to its susceptibility to Fusarium wilt, the writers have 
obtained data that were suspected of needing transformation prior to the 
analysis of variance for the following reasons : First, the method of record- 
ing disease made each observation a percentage of the total possible disease 
within a plot. Second, the combined data were inclusive of considerable 
heterogeneity because of varietal specificity on the one hand and influence 
of imposed variations in nutrient supply on the other. Although each of 
these experiments differed in some respects from the others, as will be 
brought out in another report on these studies, all were inclusive of the same 
obstacles to the construction of a valid estimate of the generalized standard 
error. Therefore, the discussion will be limited to but one example, 
Experiment A. 

experimental EXAMPLE 

This experiment was designed factorially to study N-P-K nutrition of 3 
varieties of cotton in relation to susceptibility to Fusarium wilt in sand cul- 
ture in the greenhouse. The 3 varieties were Cook 307 (considered wilt 
resistant), Eowden 2088 (intermediate or tolerant), and Half and Half 
(very susceptible). Twelve different nutrient solutions resulted from util- 
izing all possible combinations of 3 levels of nitrogen supply and 2 levels 
of phosphorus and potassium. Since each of the 3 varieties was treated 
with each of the 12 variations in nutrient supply, 4 replicate blocks gave a 
total of 144 plots. Each plot consisted of a 3-gal. earthenware jar containing 
8 to 11 (usually 10) plants, all of which were inoculated^ twice during the 
first 3 weeks of seedling growth. Unfortunately, from the standpoint of a 
theoretically ideal example, the pots in this experiment were arranged sys- 
tematically instead of at random in each block (portion of the greenhouse 
bench). Fortunately, from the standpoint of appropriateness of applying 
analysis of variance to the data, there was little or no evidence for locational 
effect between benches or within benches with respect to development of wilt 
symptoms. In addition to the nonsignificant differences obtained between 
blocks, other tests, which may require no elaboration here, indicated that 
placement of the pots in this experiment was of little importance. 

3 A deseription of this inoculation technique was presented in an earlier paper by the 
senior author (10). 
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The relative severity of the disease occurring in each plot was recorded 
as a code value representative of the percentage of the total possible disease 
severity. The first record of the diseased condition of the plants was made 
3 days after the first definite symptoms of wilt were obseiwed in the test. 
A similar record was taken each third day thereafter until termination of 
the test. Plants were recorded as being either healthy, slightly wilted, 
badly wilted, or dead. To each of these 4 severity classes the empirical 
values 0, 3, 7, and 10, respectively, were assigned. A disease code value for 
any one plot was formed by multiplying the number of plants recorded in 
each class by the respective severity values and dividing the sum of these 
products by the total possible disease values for that plot. This total pos- 
sible would occur only when all plants within the plot were recorded as dead. 
For example, if the 10 plants in one plot were recorded as 3 healthy, 3 
slightly wilted, 1 badly wilted, and 3 dead, the disease code value for that 
plot would be (3x0) + (3x3) + (lx 7) + (3 x 10)/(10x 10) = 0.46 or 46 per 
cent of the possible. In Experiment A there were 9 such disease records 
obtained for each of the 144 plots. An accumulated disease-code value was 
formed by averaging the 9 code values obtained from the individual record- 
ings. Each of these final disease-code values is a mean percentage with its 
magnitude dependent on the number of plants affected, the earliness of the 
appearance of disease symptoms in each of these plants, and the relative 
severity of the damage to the plant caused by the wilt pathogen. These 
final, or accumulated, code values of disease for each of the 144 plots of 

Experiment A are assembled in table 1 . 

A study of the mean values given in table 2 indicates that no analysis of 
variance is needed to establish the significance of the susceptibility of ETalf 
and Half in comparison with Cook or Rowden, that increase of N or P 
induces greater susceptibility, and that the addition of K results in a 
reduction of the amount of wilt. If one desired information on main effects 
only, the value of a statistical analysis of the data might be open to ques- 
tion a,nd, although a theoretical need for transformations might be shown 
to exist, the practical problem of suitable error terms would not arise. 
However, based on the inconsistency of replicate behavior shown in table 1 
there are, as between Cook and Rowden, one or two comparisons that are 
open to question.^ As to the mean values for the first-order interactions 
given in table 2, it would be difficult to arrive at a satisfactory estimation 
of the significance of these, after making a net allowance for main effects, 
without statistical treatment. However important the main effects in a 
factorial experiment may be it is not infrequent that the experimenter has 
as much or possibly more interest in the information that can be secured on 
the extent to which levels of one factor may modify the influence of another 
and, as in the experiment under consideration, it would be inefficient pro^ 
cedure to confine a study of the data to main effects, or to fail to make an 
appropriate statistical analysis— one that would give an unbiased inter- 
pretation for interaction, as well as for main effects. 
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TABLE 2,.— Means of disease code values for all main effects and first-order inter- 
actions 


' Yariety 

N levels 

P levels 

K levels 

Mean 

for 

variety 

Low 

1 Med. 

High 

Low 

High 

Low 

High 

Cook 

Bowden 

Half and Half ... 

Mean 

1.16 

2.64 

13.20 

5.67 

1.48 

3.55 

21.35 

8.79 

4.09 

8.06 

31.24 

14.46 

1.35 

2.85 

13.17 

5.79 

3.15 

6.65 

30.69 

13.50 

3.60 

5.47 

25.99 

11.69 

0.88 i 
■ 4.04 
17.87 

7.60 

2.24 

4.75 

21.93 

N 

levels 

P levels 

K levels 

Mean 

for 

N 

P 

levels 

K levels 

Mean 

for 

K 

Low 

High 

Low 

High 

Low 

High 1 

Low ^ 

Med. ... 
Pligh ... 

3.54: 

4.95 

8.87 

7.79 

12.64 

20.06 

5.87 

10.48 

18.72 

5.47 

7.11 

10.20 

5.67 

8.79 

14.46 

Low 

High ... 

6.46 

16.91 

5.11 

10.08 

5.79 

13.50 

Mean ... 

5.79 1 

13.50 

11.69 

7.60 



11.69 

7.60 



The authors were uuable to find any satisfactory general rule of pro- 
cedure for the analysis of plant-disease data of this type derived from 
complex factorial experiments, and felt it desirable to make a study of 
several methods for handling such data before proceeding blindly with the 
analysis of all of the data on hand. 

transformations in complex factorial experiments 

Bliss (2, 3), Bartlett (1), Cochran (6), and others (5, 7, 11) have pub- 
lished articles concerned with the use of transformations in the analysis 
of variance. They have pointed out that data expressed as percentages 
may often need transformation prior to analysis. Transformations also are 
cited as being useful in the analysis for the purpose of equalizing the vari- 
ance of quantities of widely different magnitudes that it is desired to include 
in the same analysis, serving to reduce the observations to a scale on which 
the effects of associated variables are more nearly constant. 

Three types of transformation that have been most widely utilized were 
studied: the angular (or inverse sine), the square-root, and the logarithmic. 
Each of these offers a somewhat different type of correction and each places 
the data on a slightly different scale. 

The angular transformation has been recommended for binomial distri- 
butions where the observations are expressed as fractions or percentages, 
when treatments are not equally effective and when block variability is large. 
It is also recommended for use where the original data are discrete— being 
based on a determinate number of trials or cases. In the transformation, 
each percentage, or estimate of p, is considered as the value of SinA0 and 
the actual analysis is performed on the corresponding values of 0.^ 

The square-root transformation is recommended for those eases where a 

4 The original article hy Bliss (2) contains a table that can be used in making the 
angular transformation. The text by Fisher and Yates (7) contains tables that can be 
used for making all three transformations. 
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Poisson distribution is encountered and where the variance is proportional 
to the mean. It is performed by replacing each original observation with 
its square root.^ If many of the original observations are less than 10, 
then a better correction might be offered if some constant value is added 
to each observation before extracting its square root. 

The logarithmic transformation has been suggested for data wherein the 
effects of treatments are proportional to the base levels from which they are 
measured, or where the standard errors are proportional to the means. The 
relationship utilized is y = log x,® the observations being replaced by their 
natural logarithms. When zero values and small numbers predominate in 
the data, then the addition of a small constant value to each observation 
before taking its logarithm will give better equalization of the variances. 

Figure 1 presents the distribution of the errors of the data of table 1 
within variety classifications after allowance for nutritional effects. The 
distributions of errors for Cook and Eowden varieties are evidently normal 
and homogeneous. The errors for Half and Half variety appear to have 
a skew distribution and to be nonhomogeneous with the errors for the 
other two varieties. The values for the standard deviations of the 3 dis- 
tributions are also given in figure 1. From these it is evident that the 
observations within varieties cannot be expected to have the same vari- 
ance, and that the pooling of variety variances in the same analysis might 
be questionable. 



STANDARD DEVIATIONS. COOK* 3.21 , ROWDEN = 3.31 , HALF ft HALF- ||. fs 

PKx. 1. Distribution of errors for disease code values within variety classifications 
after allowance for nutritional eifects. 

Wheix these data were stratified for distribution of errors within the 
respective nutritional contributors, after making an allowance for the 

5 See footnote 4. 

6 See footnote 4. 
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effects of all other factors/ except the one being studied, there was little 



evidence of the heterogeneity that characterized the variety distributions 
of figure 1. There are, however, a few observations in these data that fall 
considerably outside the expected frequency for a given category of effects. 
For example, the observations for Cook variety in the high N-high P-low K 
treatment in Block I has a value of 26.2, which not only falls entirely out- 
side the distribution of the other values in the Cook populations, but is 
almost 4 times as large as the mean of the other 3 replicates for this treat- 
ment-variety combination (Table 1). Also, the observation of 0 disease 
in the susceptible Half and Half variety in the high N-low P-high K treat- 
ment of Block II is very anomalous in view of the fact that the mean disease 
index for the other 3 replicates in the group is 26.5. A few other dis- 
crepancies could be pointed out for these data, but the above will suffice. 
It is suggested that for a precise estimation of the biological significance 
of such data, values of dubious validity, traceable to a certain degree to 
extraneous causes, may be replaced by values derived by a missing-plot 
technique such as described by Yates (12). The writers gave serious con- 
sideration to substituting missing values for some of these widely divergent 
results, but, in the end, were unable to decide where to draw the line without 
being ^/too arbitrary,’’ plus the fact that, although the pots had been ob- 
served daily, we could do little more than speculate as to causes of failure 
for the results to be duplicated more closely; hence the feeling that it would 
be difficult to justify throwing out results that did not jibe. 

The selection of the correct transformation that will apply to data such 
as these is complicated because any given transformation may not fully 
ameliorate all of the difficulties encountered. That is, the unequal effects 
of treatment and varieties and any bias due to analysis of percentages might 
be corrected by the use of the angular transformation. Since the standard 
errors and the variances are roughly proportional to the inean,'^ the loga- 
rithmic and square-root transformations might merit consideration. How- 
ever, since the variances increase more rapidly than the means, whereas 
the standard errors increase more slowly than the means, something between 
the square-root and the log transformations appears to be needed. The 
selection of the transformation might be facilitated if these data were sub- 
jected to the analysis of variance following the use of each of the 3 suggested 
transformations. That is, an examination of the results of the analyses 
might disclose which of the three has placed the data on a new scale that 
is devoid of the greatest number of sources of bias included in the original 
'data. Inasmuch as the original data contained so many zero observations, 

7 Please refer to table 5, wMcb shows both effect and error variance for each of the 
three varieties. These are reproduced below, together with the standard errors and mean 
effects for each variety. 

Variety 

Cook 

Bowden 

Half & Half 


Variance 

Standard 

Mean 

Bfect 

Error 

error 


459.53 

21.437 

2.24 

1,206,12 


21.213 

4.75 

14,217.24 

5,594.78 

74.805 

21.93 
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it has seemed advisable to make the transformation to the logarithmic and 
square-root scales after the addition of a small constant value (+2) to each 
original observation. Since the logarithmic transformation cannot be used 
directly for zero values, the addition of a small constant not only becomes 
rather necessary but also provides a means of transformation that is inter- 
mediate in effect between these direct logarithmic and square-root conver- 
sions. The analysis of variance of the data on the original scale, and follow- 
ing transformation to each of the 3 new scales — ^the angular, the square-root, 
and the logarithmic — are shown in table 3. 

The results of these analyses may now be examined to see if any or all 
of the transformations have facilitated the interpretations of the results, 
and also if the generalized standard error can be considered a valid esti- 
mate for testing all variances on any of the new or transformed scales. A 
thorough examination of the 4 analyses shown in table 3 will disclose that 
except for K differences, significance for main contributors, as shown 
by P values, has been strengthened through all transformations, viz., 
the P value for variety differences (V) was found to be 19.32 in the analysis 
of the original data, while the P values for the (V) differences in the analyses 
of transformed data were 30.21, 29.28, and 31.93— for the angular, square- 
root, and logarithmic data, respectively. However, each transformation 
has so conditioned the data that many of the interactions that were found 
significant when measured on the original scale are found to be without 
significance when measured on the transformed scale. "When an interac- 
tion does become significant on a transformed scale, full cognizance must 
be given to the fact that a new criterion of independence is set up by the 
transformation. Por example, on the log scale the mean response for any 
given combination of factors is a geometric mean, and comparisons between 
these means are made on a proportionate basis. Hence, if high phosphorus 
supply induces twice as much disease susceptibility as low phosphorus sup- 
ply within the low potassium level, and also twice as much within the high 
potassium level, then these factors are acting independently on the log scale, 
although the arithmetical differences in the untransformed data might have 
been of sufficient disparity to cause the interaction to have appeared sig- 
nificant. Although the logarithmic conversion does set up a definition of 
independence that may be very logically used in studying the interactions 
in certain data, the angular and square-root transformations induce rela- 
tionships within the data that are not easily interpreted when one wishes 
to study interactive effects. 

In considering the interpretation of logarithmic comparisons it is to 
be noted that the conversion as employed by Williams (11) and others is 
usually carried out in the form y = log x or, in case small numbers and zeros 
predominate, the form y=log (x + 1) is preferred. Since no examples have 
been found in the literature where the larger constant (+ 2), which was used 
here to establish positive values for the zero observations, questions may be 
raised as to the effect of the larger constant on the range of means in this 
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Snedecor ^s table of r values : 

* Significant, odds of 19 to 1, 5 per cent les^el. 

** Highly significant, odds of 99 to 1, 1 per cent level. 
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experiment. Consequently, there has been added a column in table 3 to shoTT 
the analysis with y = log (x + 1) . It will be seen that the principal differ- 
ence between the two log comparisons is that no interactions were found 
to be significant at even the lower odds of 19:1 when log (x + 1) was used, 
whereas, with log (x + 2) , interaction V x P reached significance. For reasons 
mentioned in the foregoing, it was felt that the larger constant (+2) would 
be preferable. Hence, unless otherwise stated, the discussions relative to 
traiisf ormation refer to tlie use of + 2. 

A determination of the validity of the generalized standard error can 
be made in several ways. In making similar measurements, Clark and 
Leonard (5) have employed a modified test, developed by Stevens (9). 
They have found it valuable for testing the assumption that each of a set of 
variances estimates a single variance formed when they are pooled and aver- 
aged ; taking into account only those degrees of freedom associated with the 
variances to be tested. This modified X^ test has been utilized here to test 
the homogeneity of the variances between the three varieties, since the variety 
factor seems to offer the greatest observed source of variation in the experi- 
mental data. This test was applied to the data prior to transformation and 
to each set of data following the 3 different transformations. These ob- 
tained X^ values were tested for significance by reference to a table (8) of 
X^ values for 2 (3-1) degrees of freedom and each of these four obtained 
values has been entered under the appropriate analysis in table 3. 

This test shows that each of the transformations has reduced the hetero- 
geneity associated with variety variances in the original scale, but, according 
to this test, only the logarithmic transformation has reduced this hetero- 
geneity below the 1 per cent level of expectancy, since X^ value for this latter 
transformation was only 2.0139 whereas the value of 9.210 is required for 
significance at the 1 per cent level. Thus, of the 3 transformations used, 
only the logarithmic — ^utilizing the form y = logs (x + 2) — could be validly 
used for testing all main effects by a generalized standard error. Futher- 
more, the definition of independence as set up by even the logarithmic trans- 
formation may not be the most suitable for the interpretation of the data 
at hand. It is evident that if interpretations were made solely from the 
analysis of the log data (Table 3), the only interaction to attain significance 
would be V X P. On this basis it is indicated that disease development, as 
influenced by level of phosphorus supply, is disproportionate among the 
different varieties, whereas the lack of significance for other interactions 
indicates that composite main effects are independent as far as the pro- 
portionality of their relationships is concerned. Furthermore, when the 
analysis is carried out, utilizing the form y = log (x + 1), it could be inferred 
that all main effects were acting independently. 

ANALYSIS OP THE DATA BY SINGLE DEGREES OP FREEDOM 

The single degree of freedom analysis, as explained by Brandt (4) and 
Snedecor (8), together with the use of specific error terms for testing each 
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degree of freedom lias been suggested as a means for satisfactorily evalu- 
ating tbe significance of comparison in heterogeneous material where con- 
fidence cannot he placed in the pooled error. Thus this method of analysis 
may be considered as a means of avoiding the necessity for transformations. 
Some objection has been raised to this proposal due to the fact that when 
each effect is tested by its own block interactions there are so few degrees of 
freedom from error that the variance ratio required for significance is very 
large in comparison with the variance ratio required in the fully pooled 
analysis. The writers have had considerable experience with the single 
degree of freedom type of analysis for plant-disease data and are convinced 
that it is a very important development for handling most of the data with 
which they have had to deal, and do not feel that the objection cited above 
is of great consequence provided there are from 5 to 8 degrees of freedom 
for interaction by blocks with any treatment, or possibly fewer if block 
variability is relatively negligible. In complex factorial experiments, where 
there are rarely more than 3 to 4 true blocks and often only 2, the above 
objection has been found to be a very real one frequently resulting in 
finding ^^high significance’^ where it is apparent that none could exist, or 
failing to have significance indicated when differences are obviously real. 
In such cases it has been found that what appears to be a much more reliable 
interpretation may be had by partitioning the pooled error to form groups 
that are larger than the specific errors. Perhaps ^^partitioning of error” 
may be used to distinguish, in the discussion that follows, these methods 
of grouping error comparisons from ^‘specific error terms” (all block inter- 
actions with a treatment comparison) and the fully pooled error.” The 
specific-error advocates may argue that the larger grouping obtained by 
what is termed above as partitioning of error would tend to give an over- 
estimate because of a piling up of degrees of freedom in portions of error 
to be used and the advocates of the pooled error may still regard with sus- 
picion the small, in comparison with the total pooled error, number of 
degrees of freedom in this partitioned error and feel that this would tend 
to give an underestimate. The experience the writers have had to date 
indicates that the use of the partitioned error, which is intermediate between 
the specific error term and the fully pooled error, increases the reliability 
of the estimate in complex designs and may provide a safe procedure for 
avoiding transformations for much of the data with which the plant-disease 
investigator has to deal. 

The present evidence indicates that there may be considerable latitude as 
to choice for grouping of error terms, provided one keeps in mind the sources 
for upsets in the generalized error. The writers have not had opportunity to 
explore the dangers of unwise grouping or to formulate any general rules 
as to what may constitute wise or unwise groupings, except to suggest that 
the process does not seem to be so delicate but that the experimenter may 
rely on his own good judgment. As will be pointed out in the following 
discussion, the present example is not so striking for this particular purpose 
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as might have been anticipated or as has been encountered, hut it is believed 
that it may sei've very well to illustrate the problem. 

TABLE 4. — Analysis of variance of disease code values from experiment A 'by single 
degrees of freedom. Showing (A) significance tested by f idly pooled error — 105 D/F, 
and (B) significance of each effect tested on its specific error term {3 degrees of freedom) 



Mean square 


A 

■R 


Effect 

Error 


A 

±> 

■V^a 

152.15 

8.39 



* 

V, 

10,874.44 

30.97 



** 

Nx 

1,857.68 

12.91 



*■» 

N 2 

51.76 

72.53 




ViXNi 

24.75 

11.00 




Y 1 XN 2 

2.34 

31.00 




VaXNi 

1,025.83 

87.84 



* 

YoXNo 

2.56 

212.68 




P 

2,140.60 

58.14 




YiXP 

23.50 

16.29 




Yo X P 

1,732.15 

36.52 




HiXP 

289.47 

117.66 


■» 


HoxP 

0.01 

31.82 




YiXNiXP 

20.48 

16.77 




ViXNsXP 

2.34 

17.48 




YaXHiXP 

1.88 

197.76 




YaXNaXP 

21.00 

58.67 




K 

602.70 

2.21 


•S'* 

** 

YiXK 

10.07 

11.00 




YaXK 

292.22 

53.19 




NiXK 

394.88 

103.12 


* 


NaXK 

9.57 

36.39 




YxXNiXK 

35.11 

5.72 




YiXNaXK 

46.41 

28,84 




YaXNiXK 

249.80 

133.04 


* 


YaXNaXK 

2.40 

128.45 




P xK 

270.60 

26.00 


* 

* 

YiXPxK 

1.06 

23.09 




Yo XP xK 

123.64 

135.54 




X P X K 

76.15 

95.61 




N^xP xK 

16.39 

100.54 




Yi X X P X K 

Yx X No X P X K 

70.98 

0.44 

28.77 

7.82 




Yo X Ni X P X K 

i 96.62 

129.89 


i ' ■ 


YgXNoXP xK 

2.40 

140.19 


j 


Blocks (3 D/P) 

Error 

85.36 

63.08 

i 

n05 D/PY 








a Tile single degree of freedom comparisons are made as follows: 

Vi = difference between Cook and Bowden. 

Va = difference between Half & Half and the mean of Cook and Bowden. 

Ni = difference between low and Mgli levels. 

IA 2 ~ difference between medium level and mean of loiv and liigli levels. 

P = difference between low and Mgli levels. 

K = difference between low and liigb levels. 

Reference to tables 4 and 6 shows comparisons of the above described 
methods of treating error derived from the nontransformed code values. 
Table 4 gives an indication of the sonrce of variability in error and, in addi- 
tion to the tests discussed earlier, which showed the need for transforma- 
tions, shows clearly why the fully pooled error is unsatisfactory in this case, 
i,e.y the greatest mean square is shown to be that for the V 2 comparison (dif- 
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ference between Half and Half, and the mean of Cook and Rowden), with 
an error term comparably large ; and while the mean square for K differ- 
ences is much smaller, it is associated with a comparably small specific error 
term. Cochran (6) has shown that when a condition of this kind is encoun- 
tered, the comparisons can be restratified to form several error terms, each 
of which is practically exclusive of errors to which the variances within the 
group are not subject. Perhaps the most logical basis for the regrouping 
should be that of treatments. The modified test, as used by Clark and 
Leonard (5), offers a means of testing for the major sources of hetero- 
geneity in order to apprehend a basis for this regrouping. This test was 
applied to each major source of variation within the experiment (viz., 
V,N,P, and K) and the resultant X® values are given in table 5, which shows 

TABLE 5. — Heterogeneity test applied to the original data from experiment A, 
The calculation is carried out on the variety variances and only the resultant values 
are shotvn for the comparisons of variances due to nitrogen, phosphorus and potassium 


Source of variation 

B/F 

Analyses of data within 

Cook 

Bowden 

Half and Half 

Total 

47 

954.00 

1,206.12 

14,217.24 , 

Treatments : 

11 

464.98 

692.19 

8,341.63 

Blocks 

3 

29.48 

63.95 

280.83 

Variance 

33 

459.53 * 

450.00 

5,594.78 


For varieties 

(V,-Y)^0-f (Vr-V)^E+ (yr-V)^H(nr-l) 


3 :"=- 




2V^ 

[ (459.53 - 2,168.10)H (450.00 - 2,168.10)" + (5,594.78 - 2,168.10)"] (33) 

2(2,168.10)" 


581,236,090.71 
9 , 401 , 315.22 “®^-®^^® 

For varieties, X"=: 61.8249** I Q . , . , . , • -y* 

For N levels, 13.1510** required for higli sigmfieaiiee. 

For P levels, 0.6273 

For K levels, X"r: 0.6273 


In tins test, X" = 


S(V,.-V)" (11,-1) 
2V" 


where n, represents the number of variates within each level of the factor under consider- 
ation diminished by the number of degrees of freedom due to other known contributors 
whose variance is initially removed; V, represents the variance mthin each level of the 
factor diminished by variance due to known contributors; and V represents the mean of 
the Vj. variances. 

also the method of applying this test to the variety variances. Obviously, 
the relative consistency of P and K differences should not be subjected to 
testing by an error term inclusive of the heterogeneity associated with 
variety, or, pei'haps, even with nitrogen, differences. To accomplish such 
a stratification of error terms, it was deemed advisable to form several 
homologous groups with P, K, and P x K forming the first group, error (a) . 
Then all subsequent groups result from combining this group with each of 
sources of variation: Vi, Vj, Ni, N 2 , Vj x Ni, Vi x N 2 , V 2 x Ni 
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and V 2 X N 2 to the formation of 9 separate error terms as shown at the left 
in table 6. By reference to table 6 it may seem that effects with relatively 
large individual errors are estimated more leniently by the regrouped error, 
and vice versa. It is believed that, although block differences in this case 
were negligible, 3 degrees of freedom for specific error were too close to the 
minimum to be regarded without suspicion, and that the regrouped errors 
(or partitioned errors) have resulted in a more reliable estimate. 

It has been pointed out by aid of figure 1 and table 5 that the main 
source of heterogeneity in the data under discussion is found in the dis- 
parity in error variances for observations within the variety Half & Half 
as distinguished from those variances for the varieties Cook and Eowden. 
Comparisons between the latter two varieties, designated by Yi, have defi- 
nitely smaller individual errors than those involving the variety Half & 
Half (Y 2 comparisons and pooled variety effects). In table 6, method C 
has 9 groups of error terms, the first of which is formed by P and K (and 
PxK), which had nonsignificant values in table 5. Each succeeding 
group is formed by the addition of an N or Y comparison, both of which had 
highly significant X^ values. Method D has P, K and PxK plus Yi (in- 
cluding interactions with N) in one group, N, P, N x P and P - K- Y 2 inter- 
actions in the second, and Y 2 - N interactions in the third group. Method 
B has only 2 groups, 1 of which includes all Yi comparisons; the other in- 
cludes the remaining comparisons. By comparing the 3 columns of asterisks 
in table 6, it is evident that there is but little discrepancy due to the use 
of the 3 methods for grouping of error terms. Two rather important differ- 
ences result from the grouping of errors, the changes from low significance 
for Yi, method B, given in table 4, to high significance with methods C, D, 
and E. This is in accord with all the other types of analyses made, with 
the exception that the fully pooled error from nontransformed data fails to 
show significance for Yi. Also, Ni x K reaches low significance. Prom table 
8 it may be seen that this coincides with the analysis on the proportionate 
basis. In comparing methods 0 and D it is noted that PxK changes from 
low to high and Ni x P and Y 2 x K attain low significance in method D. In 
going from method D to E it is seen that PxK lost significance (a fact that 
does not agree with any other analysis, except where transformations were 
used), Ni x P is lost, Yi x Ni x P x K reaches low, and Ya x Ni changes from 
low to high. 

While in this greenhouse experiment, where there was little block effect, 
method B with only 3 D/P in the specific errors gave a surprisingly good 
interpretation of the algebraic differences for comparisons despite the lack 
of homogeneity in the coded values; it, nevertheless, should be pointed out 
that method B appears to be inferior to methods C and D. This is brought 
out ill the preceding paragraph and can be further verified by comparing 
the results for other methods of analysis shown in tables 3, 4, 6 and 8. 
Method C appears to have a sufiacient number of degrees of freedom to be 
fairly reliable, but method D gives some additional information that is sub- 
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stantiated by other tests, as well as by observational interpretation of the 
results. Method E appears to have no particular merit, except that if it 
had been decided upon in advance, the larger error (69 D/P) could have 
been obtained by subtraction. It may not be a particularly logical group- 
ing, but the purpose of including it is to show that no great discrepancy in 
interpretation has been caused. It would seem, from the preceding and 


TABLE 6 . — IRegrouf ing variances on the basis of homogeneity and similar treatments 
into C, nine groups; D, three groups; and E, two groups. Data from experiment A, 
analyses as original code values 


;l!i' 



Individual eomparisons grouped by like treatments 


Source of valuation 

D/E 

Mean Squares 



Effect 

Erropi 

P 

1 

2.140.60 

58.14 

K 

1 

602.70 

2.21 

P X K 

1 

270.60 

26.00 

Error (a) 

9 


28.78 

Nx 

1 

1,857.68 

12.91 

E"! X P 

1 

289.47 

117.66 

HiXK 

1 

394.88 

103.12 

Ni X P X K 

1 

76.15 

95.61 

Error (b) 

12 


82.32 

N, 

1 

51.76 

72.53 

NaXP 

1 

0.01 

31.82 

NsXK 

1 

9.57 

36.39 

NsXP xK 

1 

16.39 

100.54 

Error (c) 

12 


60.32 

V, 

1 

151.25 

8.39 

ViXP 

1 

23.50 

16.29 

ViXK 

1 

10.07 

11.00 

YiXP xK 

1 

1.06 

23.09 

1 

Error (d) 

12 


14.69 

V.>... 

1 

10,874.44 

30.97 

YaXP/... 

1 

1,732.15 

36.53 

YgXK 

1 

292.22 

53.19 

Va X P X K 

1 

123.64 

135.54 

Error (e) 

12 


64.06 

ViXNi 

1 

24.75 

i 

1 11.00 

ViXNiXP 

1 

20.48 

j 16.77 

ViXNixK ................... 

1 

35.11 

5.72 

ViXNiXP xK 

1 

70.96 

28.77 

Error (f ) 

12 


15.56 

YxXNa 

1 

2.34 

31.00 

ViXisr^xP : 

1 

2.34 

17.48 

YixNsXK ...; 

1 

46.41 

28.84 

ViXN^xPxK 

1 

0.44 

8.15 

Error (g) ... 

12 


21.37 


Significance^ as tested 
by method 
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TABLE 6. — Concluded 


Individual comparisons grouped by like treatments 

Significance^ as tested 
by method 

Source of variation 

D/E 

Mean Squares 

Effect 

Errorb 

Cc 

Dd 

E® 

V^xNx 

1 

1,025.83 

87.84 

* 

* 


V.xNiXP 

1 

1.88 

197.76 




VoXNiXK 

1 

249.80 

133.04 




V„xNiXP xK 

1 

96.62 

129.89 




Error (b) 

12 


137.13 




V. X N, 

1 

2.56 

212.69 




VoXNoXP 

1 

21.00 

58.67 




YoXNoXK 

1 

2.40 

128.45 




VoXNoXP xK 

1 

2.40 

140.19 




Error (i) 

12 


135.00 




Blocks 

3 

85.36 





(Blocks tested by fully pooled error (63.08) — 105 D/E.) 





a Asterisk (*) signifies odds of 19:1; double asterisk (**), odds of 99:1. 
b Tliere are 3 degrees of freedom in error for each individual eomiiarison for effect, 
e In method C, errors are grouxied into 9 terms as shown; i,e, error (a), error (b), etc. 
d 111 method I), errors are grouped into 3 terms; error I, 45 D/E, with a mean square 
of 20.10 formed from errors (a), (d), (f), and (g) of method C; error II, 36 D/E, mean 
square of 68.90 from errors (b), (c), and (e) of method C; error III, 24 D/E, with a 
mean square of 136.07, from errors (h) and (i) of method C. 

G In method E, errors are grouped into 2 terms only: Error I, 36 D/F, with a mean 
square of 17.21 from errors (d), (f), and (g) of method C; error II, 69 D/E, mean square 
of 86.60 formed from the remaining 6 terms of method 0. 

from similar analyses that have been made to date of factorial experiments 
that include some quite large differences for treatment, even though the data 
are recorded as percentages, that the problem of an unsatisfactory, fully 
pooled error and, lienee, the need for using transformations, may be very 
easily and safely avoided by partitioning the error term. It is suggested 
that some method of partitioning similar to method C or D merits considera- 
tion, although simpler methods of removing the principal causes of dis- 
turbance from the pooled error may render the remainder reasonably satis- 
factory for testing most of the comparisons in a complex experiment. 

TREATMENT OF DATA TO ESTABLISH A PREFERRED INTERPRETATION 
OF INTERACTIONS 

It has already been pointed out by Cochran (6) that the definition of 
independence of related factors, expressed by the usual test for interactions, 
may not be the one that will give the desired interpretation of the results. 
In this particular experiment it was felt that independence should be con- 
sidered as indicative of disproportionate responses, instead of indicating 
actual algebraic differences in response — as is the case in the usual test for 
interaction. For example, an increase in the supply of a certain nutrient 
might cause an increase in disease in a resistant variety from 4 per cent to 
8 per cent and an increase in a susceptible variety from 40 per cent to 80 
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per cent. The straightforward analysis of variance might show these differ- 
ences ill increase (4 per cent and 40 per cent) to he a significant inter action ; 
whereas, in relation to disease potentialities of the two varieties, these dift*er- 
ences are merely proportionate, since each shows the same percentage in- 
crease (100 per cent). As shown by the analyses in table 6, the varietal 
responses to nutrient effects are quite distinct, yet the magnitude of the 
variances in Half and Half would tend to obscure those for the other two 
varieties in a pooled variety analysis. 

Fortunately, it is easy to transform the original data so that inde- 
pendence of any treatment effect can be measured against base levels for 
varieties, etc. This has been done for the original data of Experiment A 
by dividing each observation within a variety by the total of all observations 
for that variety. Bach new value then becomes a percentage of the total 
observed disease within each variety and the sums for each variety become 
100. Table 7 presents the summaries for the various main effects and flrst- 


TABLE 7 . — Nummary tables for all first order interactions of the data after each 
observation has been made proportionate to respective varietal means 



2 Cook 

2 Bowden 

2 H. and H. 

Mean 

S Ni 

17.20 

18.53 

20.03 

18.58 

S No 

22.01 

24.89 

32.44 

26.44 

S Na 

60.77 

56.54 

47.49 

d4.93 

S Pi 

29.73 

30.02 

30.00 

29.91 

E Ps 

70.25 

69.94 

69,96 

70.05 

S K^ 

80.39 

57.50 

59.24 

65.71 

2 Ks 

19.59 

42.46 

40.72 

34.25 


2Nx 

2 N„ 


Mean 

2 Pi 

22.67 

24.21 1 

42.87 

29.91 

2 Pa 

33.09 

55.13 j 

121.93 

70.05 

2 Ki 

31.18 

48.48 ^ 

117.47 

65.71 

2 Ka 

24.58 

30.86 

47.33 

34.25 


2 Pi 

2 P 2 ' 

Mean 


2 Kx 

53.05 

144.08 1 

98.56 


2Ka. 

36.70 

66.07 

51.38 


Mean 

44.87 

105.07 




order interactions after proportionate treatment with varieties as base levels. 
Thus, with the marked disparity in varietal response removed, it can be seen 
by inspection whether or not there is actually any difference in the propor- 
tion of nutrient response in different varieties (nutrient x variety interac- 
tions) since, following this treatment, differences in proportionality will be 
revealed as actual differences in summation — or in mean-responses. For 
example, in table 7, it is quite obvious that there is no difference in propor- 
tionate response to increase in level of P supply in the 3 varieties, since the 
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actual dillci cnees sliown (after proportionate treatment) are nearly identi- 
cal— these being 40.52, 39.92, and 39.96 for Cook, Bowden, and Half and 
Half, respectively. It would have been difficult to arrive at this conclusion 
by an examination of mean responses in the original data (Table -2). Here 
the differences attributable to increase in level of P supply are Quite differ- 
ent, and it would be difficult to decide if they were or were not dispropor- 
tionate— actual differences being 1.80, 3.80, and 17.52 for Cook, Bowden, 
and Half and Half, respectively. 

The analysis of the data as proportions within the respective varieties is 
shown in table 8. Since the sums for each variety are 100 per cent, the 
mean square for variety differences must be zero. The differences due to 
nutritional treatment within each variety, however, are all measured within 


TABLE 8. — Analysis of variance of data from experiment A after the disease code 
values have heen recalculated as percentages of total within each variety. Analysis by 
single degrees of freedom. All effects tested by fully pooled error 


Source of variation 

Mean square found for effect 

■Vx 

0.0000 

V. 

0.0000 

Nx 

123.8512** 

. Ko 

13.2956 

VxXNx 

0.4830 

YiXNo 

0.3906 


3.7018 

V 2 XN 2 

5.0550 

P 

100.6677** 

ViXP 

0.0037 

YsXP 

0.0009 

NiXP 

49.0776** 

IN'aXP 

2.6526 

YxXNiXP 

0.0264 

YiXNaXP 

2.9403 

YaXNxXP 

13.6107 

Y 2 XN 2 XP 

2.4937 

K 

61.8320** 

YiXK 

21.8120* 

YaXK 

5.2272 

Nixk; 

42.0555** 

NsXK 

5.9800 

YxXNxXK 

33.5820* 

YxXN^xK 

25.5646* 

YsXNxXK 

3.0754 

YsXNsXK 

1.8814 

P xK 

26.4024* 

YiXP xK 

5.8905 

YoXP xK 

2.1805 

NxXPxK 

10.3359 

N^xPxK 

5.1574 

YxXNxXPxK 

37.4238** 

YxxJSToXPxK: 

0.3300 

Y^xNxXP xK 

0.5676 

YaXNsXPxK 

2.1928 

Blocks (3 D/P) 

8.7791 

Error (105 D/P) 

5.2211 


Mean square required 
** (1%) * (5%) 

35.9629 20.5502 
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the same normal population, and the pooled effect of iintrients becomes a 
more uniformly weighted effect on the 3 Yarieties and does not show, as does 
the analysis of the original data (Table 4), the pooled effect of luitrieiits to 
be mostly that within the susceptible variety — that within the resistant varie- 
ties being obscured because of the relative magnitude of the differences. 
Furthermore, the interpretation for interaction is based on a different defi- 
nition, particularly in relation to varieties. It might now be stated that 
treatments causing the same proportionate response in different varieties 
(nutrient X variety interactions) are acting independently of varietal 
infiuence. 

It should be pointed out, however, that the interpretations of interac- 
tions NxP, N xK, and PxK (interactions not involving V) follow rather 
closely those that would be developed on the nontransfornied data, particu- 
larly with method D, table 6, with the exception that, in the pooling of 
variety observations, greater weight is placed on those for the variety show- 
ing the least differences on the original scale, and vice verm. That is, pro- 
portionate treatment within varieties does not alter the relative magnitude 
of nutrient differences giving rise to nutrient interactions, but it does avoid 
the contingency of large differences in effects within the susceptible variety, 
almost completely obscuring the small differences within the resistant 
variety. 

The manner in which this proportionate treatment of the data affects 
the ultimate result of analysis can be more clearly seen by reference to the 
graph (Figure 2) of the V x N, the V x P, and the N x P interactions in the 
original scale and in the scale where the proportionate treatment has been 
applied. In the analysis of the original data (Table 3) the VxN and the 
V x P interactions were found significant at odds of 99 to 1, while the NxP 
interaction failed to attain significance even at odds of 19 to 1. In the 
analysis of the data following the proportionate treatment (Table 8) the 
reverse was encountered; here the VxN and YxP interactions failed to 
attain significance, but the NxP interaction was found significant at odds 
of 99 to 1. In the graphic representation of these data (Figure 2) it can 
be seen that where the proportionate treatment was applied the actual wide 
differences between varieties are eliminated from the statistical interpreta- 
tion of the treatment and treatment x variety effects. Here VxN and V x P 
fail to be significant following the proportionate treatment because the treat- 
ments cause too nearly the same 'proportionate response within varieties, and 
NxP interaction is found significant because of the readjustment of treat- 
ment differences within varieties. The limited experience with this type of 
proportionate treatment does not permit a critical evaluation of its useful- 
ness except as a supplementary test. Furthermore, it has been pointed out 
that P and K effects in this experiment were q^uite constant and were asso- 
ciated with low specific errors so that partitioning of the error into at least 
2 groups, one of which would include all N comparisons, might have been 
advisable, inasmuch as error variances resulting from other than varietal 
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INTERACTION ON ORIGINAL SCALE 





LEVEL or PHOSPHORUS 


INTERACTION FOLLOWING PROPORTIONATE TREATMENT WITHIN VARIETIES 



LEVEL OF NITROGEN 


LEVEL OF PHOSPHORUS 


level OF NITROGEN 


Fia. 2. Graphic representation of the VxN, VxP, and NxP interactions on the 
original scale and following removal of varietal xioteiitialities for disease resistance by 
making each observation wdthin a variety a percentage of the total for that variety. 
Failure of the lines to extend in a xiarallel direction indicates degree of interaction. 
Note that VxN and VxP -which -were highly significant on the original scale have lost 
significance on the xiroportionate scale while NxP which was in the doubtful category on 
the former becomes highly signifieant on the latter scale. 

response have not been equalized. On the other hand, it may be that the 
chief value of this type of comparison rests in the fact that it enables one 
to obtain a rough check on the usual algebraic mean values and differences. 
Thus, an additional analysis of variance mav not be warranted. 


DISCUSSION AND CONCLUSIONS 

It was pointed out in the forepart of this paper that the mean values in 
table 2 indicated that, at sight, certain main effects could be accepted as 
significant. Every method of analysis substantiated this conclusion. Con- 
sequently, while two of the methods failed to show a highly significant dif- 
ference between the varieties Cook and Rowden, the main contribution of 
statistical analysis to this experiment is its aid in studying the interactive 
effects of the various factors upon wilt development. Since the susceptible 
variety permits the development of much more intensive disease symptoms 
than the two more resistant varieties, there is considerable disparity in the 
magnitude of the errors of observation for different varieties. Hence, 
variety variances are heterogeneous and may not be validly estimated by the 
generalized error term. This is also true, but not so pronounced, for nitro- 
gen variances. 

Transformations w^ere used to bring about a more noiunal distribution 
of the errors of observation, but it Avas shown (Table 3) that the angular 
and square-root transformations did not result in homogeneous distribu- 
tions ; whereas the log. transformation not only removed heterogeneity from 
the data, but also established similarity of proportional response as the cri- 
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terion of independence. Although there is hut little difference in effects 
attaining significance among any of the 3 transformations employed, the 
experimenter is handicapped in making a reasonably simple definition for 
the basis of interactions on the angular and square-root scales. On the other 
hand, the log.' transformation permits an interi^retation of interactions on 
the basis of proportionality of geometric means. Since only one interaction 
(VxP) attained even the lower level of significance when the data were 
analyzed subsequent to log. (x-i-2) transformation and none on the log. 
(x-f 1), the conclusion to be drawn from this analysis would be that disease 
development in this experiment was significantly conditioned by all con- 
tributing factors, but the interrelationships of the responses to these con- 
tributors were, with one possible exception, of reasonably commensiirate 
proportions. Inspection of the means in tables 2 and 7, as well as other 
methods of analysis, creates doubt as to the validity of these conclusions. 

Since the heterogeneity found in these data invalidated the use of the 
generalized-error term, specific error terms and certain homologous group- 
ings of them were used to test the significance of individual comparisons. 
This accomplished the essential results for main effects obtained with the 
most appropriate type of transformation. Attention may be called to the 
fact that the Yi comparison (Cook Rowden) is not significant when 
tested by the fully pooled error derived directly from the coded values 
(Table 4) ,• it reaches the 5 per cent level of significance when tested by its 
own component of error; and it becomes highly significant when tested by 
errors based on homologous groups (Table 6) as it also did in the converted 
data. The writers believe that the indication for high significance for this 
effect should not be regarded with skepticism. 

The interpretation of the interrelationship of the induced variables upon 
the development of disease, when the individual degrees of freedom are 
tested by their respective components of error, is to be distinguished from 
that used for the results based on the logarithmic transformation. Inde- 
pendence in nonconvert ed data is established by lack of arithmetical dis- 
parity in the responses to various factors. In the analysis of the noncon- 
verted data, interactions V 2 x Ni and P x K were found to be significant and 
V2 X P highly significant. In other words, the variety Half and Half devel- 
oped significantly more wilt for given increments in nitrogen and phosphorus 
supply than did the Cook and Rowden varieties. The decrease in disease 
associated with increase in K supply was not significantly different in dif- 
ferent varieties, but increase in potassium supply does appear to influence 
the amount of disease developing for a given increment in P supply, (P x K) . 
Lack of significance for all other interactions indicates insufficient differ- 
ence in disease intensity associated with the various categories of nutrient 
supply and varietal specificity. 

It was pointed out with reference to the logarithmic transformation that 
the resulting necessity of interpreting the findings in terms of proportion- 
ality had a sound biological basis. However, the resulting geometric means 
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RTG isttliGr RwkwRrd. to interpret, Rnd. some other bRsis for Erriviiig Et pro- 
portionality would facilitate examination of mean differences. Data were 
piesented wherein varietal effects were reduced to base levels, and nutri- 
tional i espouses were estimated as a proportion of the total amount of dis- 
ease observed within a variety. This method of proportional treatment 
obviated the awkwardness of having to interpret geometrical means that are 
inherent in the logarithmic transformation. This method also brought out 
certain relationships within the data that might not have been evident other- 
wise. This was shown by table 8 and emphasized by figure 2. That is, all 
varieties showed the same proportionality of disease development as induced 
by nitrogen and phosphorus nutrition. 

Proportionate treatment with varieties as base levels indicated several 
interactions to be significant that were not found to be so by other methods 
of analysis, involving, to be sure, different criteria of independence. By 
way of illustration, Vi x K interaction may be considered significant, indi- 
cating the proportion of disease development as conditioned by potassium 
supply differs in Cook and Bowden. That such should be the case is appar- 
ent from both tables 2 and 7. The N x P interaction is found to be highly 
significant following proportionate treatment within varieties; yet, it is not 
highly significant on any other scale, although it does reach the 5 per cent 
level with method D. This means that when varietal specificity is converted 
to a parity basis, disease development due to nitrogen nutrition is condi- 
tioned by phosphorus supply also. One might have surmised such a result 
from table 2, but the divergence in varietal response so obliterated precision 
in the estimation of this effect that significance could not be definitely ascer- 
tained until varietal propensities were reduced to base levels. One striking 
characteristic of the results following proportional treatment was the obser- 
vation of high significance for the VixNixPxK interaction. 

This indicates that the different combinations of levels of N, P, and K 
supply induce a distinctly different proportion of wilt development in the 
variety Cook as compared with that in Bowden. (This interaction at- 
tained low significance when measured by a regrouped error term in 
straightforward analysis, but little credence was placed upon its validity 
due to lack of substantiation by parallel methods of testing.) As shown 
by the significance of interactions Vi x Ni x K and Vi x N 2 x K, the varieties 
Cook and Bow^den differ in the proportionality of their wilt susceptibility as 
induced by the various combinations of levels of nitrogen and potassium 
supply. It appears that a distinction in physiological specificity is evident 
between these 2 semi-resistant varieties. However, it may well be tliat some 
of the indications for significance on this basis should be considei'ed as sug- 
gestions for future study rather than as established conclusions. 

It must be recognized that it is not possible from the foregoing to arrive 
at any unqualified recommendations as to the method of analysis to use in 
any given experiment involving pathological symptoms or even to predict 
that any statistical analysis will greatly improve the suggested interpreta- 
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tion based on inspection of observed results. Most of the discussions in this 
paper refer to the results from a single experiment, and are not intended 
as sweeping generalizations. In the present case, anah^sis was needed pri- 
marily to study interactive effects, a contingency that definitely impaired 
the value of both the angular and square-root transformations. Even 
though the logarithmic transformation places the relationships on a propor- 
tionate basis, the interpretations are complicated by the geometric means 
involved. Furthermore, the failure of log transformations to indicate sig- 
nificance for certain interactions that other methods of analysis showed to 
be important and for which, from an inspection of mean values, one might 
have expected significance, may indicate that the geometric mean inherent 
in the log scale tends to distort rather than clarify the true relationship of 
disease development in this experiment. The single degree-of-freedom 
analysis, using partitioned-error terms, permitted a clear-cut interpretation 
of the arithmetical differences within the experiment. It seems probable, 
however, that the interpretation of such differences should be supplemented 
by a study, or at least an inspection, of differences based on proportionate 
responses with varieties at base levels. ^ 
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PATHOGENICITY STUDIES WITH ISOLATES OP EHIZOCTONIA 
SOLANI OBTAINED PROM POTATO AND SUGAR BEET" 

E . L . L E C L E R G 2 
(Accepted for publication June 11, 1940) 

INTRODUCTION 

In a previous publication," it was reported that isolates of Bhkoctoma 
solani Kiihn, obtained from potato, were nonpathogenic to sugar-beet roots. 
Tests of other isolates of the fungus from potato have been made to deter- 
mine their pathogenicity to sugar beets, and in certain cases to red garden 
beets. The isolates of Bhizoctoma solam obtained from sugar beets have 
been tested for pathogenicity to potato. A brief report of some of these 
studies has been made."^ 

METHODS AND MATERIALS 

Unless otherwise noted, the method of inoculation employed with sugar- 
beet roots was the same as used previously." In the tests with potatoes, the 
seed pieces were treated for 20 minutes in acid-mercury bichloride prior to 
planting. In one method, used with potato plants in greenhouse tests, the 
inoculum consisted of a fungus culture grown on a medium made by auto- 
claving soaked oats and wheat grains. The inoculum was placed in contact 
with the underground stem, without wounding, although it is probable that 
some lateral roots were broken off in removal of soil from around the plants. 

A second method was used in certain greenhouse tests and in all field 
tests wutli potatoes. For each isolate used, grain inoculum was mixed with 
steamed soil and allowed to stand about 2 weeks. In the greenhouse, treated 
seed pieces were placed at the bottom of sterilized 4-in. pots that were sub- 
sequently filled with inoculated soil. Attempt was made to maintain a tem- 
perature of 16° to 20° C. and to keep the soil moist throughout the experi- 
ments. 

To inoculate plants in the field tests, small quantities of artificially 
infested soil were placed in 4-in. paper pots, the treated seed-pieces put in 
place, then the pots were filled with infested soil. These pots were then 
buried in the planting furrow in the field. Because of the method used, and 
from the evidence afforded by check plots, it is thought that infection occur- 

1 The data presented in this paper were obtained in cooperative investigations by the 
Division of Sugar Plant Investigations, Bureau of Plant Industry, United States Depart- 
ment of Agriculture, and the Division of Plant Pathology and Botany of the Minnesota 
Agricultural Experiment Station, Paper No. 1784 of the Journal Series of the Minnesota 
Agricultural Experiment Station. 

2 Tiie writer gratefully acknowledges his indebtedness to Dr. G. H. Coons of the 
Division of Sugar Plant Investigations, Bureau of Plant Industry, United States Depart- 
ment of Agriculture, and to Dr. E. C. Stakman, Minnesota Agricultural Experiment Sta- 
tion, for suggestions in preparation of the manuscript. 

3 LeClerg, E, L. Parasitism of Bhisoctonia solani on the sugar beet. Jour. Agr. Bes. 

[U.S.] 49: 407-431. 1934. 

4 LeClerg, E. L. Further studies on the,, parasitism of BMsocto^iia ftolani on sugar 

beets. Phytopath. 28: 152-153. 1938. 
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ring in tlie field experiments may, with considerable assurance, be assigned 
^ -{;]^0 isolate incorporated into the soil and not to some organism from the 

!, field soil. The potato plants were spaced at 12-in. intervals in rows 28 in. 

^ 'apart, 

- The sugar-beet roots used in greenhouse experiments were field-grown 

I , roots, stecklings, averaging about ^ lb. in weight. In the field tests, the 

!i , roots inoculated were about 3 months old and had attained about the same 

11 ; size as the stecklings. 

% ' EXPERIMENTAL RESULTS ■ 

I'j The potato isolates used were obtained (a) from lesions on iinderground 

il! I stems of mature potato plants, the collections being made in August and 



California 

3 

4 

46 

0.0 

Colorado 

District of 

4 

4 

72 

0.0 

Columbia 

1 

2 

13 

0.0 

Idaho 

1 

3 

20 

0.0 

Kansas 

3 

4 

44 

0.0 

Louisiana 

1 

2 

15 

0.0 

Maine 

9 

4 

145 

0.0 

Maryland 

1 

■ 2 ■' 

11 

0.0 

Massachusetts ......... 

3 

4 

44 

, 0.0 

Michigan 

3 

5 

46 

■ 0.0 

Minnesota 

10 

2 

150 

0.0 

Montana 

3 

5 

49 

0.0 

Nebrasha 

4 

5 

70 

0.0 

New Jersey 

1 

3 

20 

0.0 

New York 

2 

3 

40 

0.0 

North Dakota 

3 ■ 

4 

55 

0.0 

Oregon 

2 

3 

31 

0.0 

Vermont 

1 

■■ 2 

31 

0.0 

Washington 

1 

3 

17 

0.0 

West Virginia 

1 

2 

11 

0.0 

Wisconsin ...... .............. 

1 

2 

11 

0.0 

Wyoming 

6 

3 

77 

0.0 

Canada 

10 

4 

141 

0.0 

Denmark 

I 

3 

22 

0.0 

G-ermany 

3 

3 

50 

0.0 

Holland 

1 

2 

13 

0.0 

Poland 

10 

3 

181 

0.0 


Isolates obtained from sugar beet 


54.2 


a Control plants were treated in same manner as tbe inoenlated plants, except that 
tlie grain substratum did not contain any organism. 


TABLE 1.-— Summary of a series of greenhouse tests in which sugar-leet roots were 
inocAilated roith Rhi^octonia solani: Isolates from (<x) underground stem lesions of potato 
plants j and (h) sclerotia of potato infers were compared as to pathogenicity with sugar- 
heet isolates 


Place from 
which isolate 
was obtained 


Number of 
isolates 
tested 


Number of 
times 
tested 


Total number of 
sugar-beet roots 
inoculated 


Percentage 

decay 


Control,*^ no 
organism 


Isolates obtained from potato 
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September in commercial fields, (b) from sclerotia formed on potato tubers, 
and (c) from badly injured stolons from so-called ^ ‘blank’ ^ Mils in com- 
mercial fields, isolations being made in April or May. These are referred 
to as stem-lesion, sclerotial, and stolon-lesion isolates, respectively. In ad- 
dition to isolations made by the writer, cultures oi EUzoctonia solani slm 
have been obtained from a number of plant pathologists in United States, 
Canada, and Europe. 

Inoculation of Sugar-beet and Bed Garden-beet Roots 

In the previously reported inoculations with sugar-beet roots,® 27 isolates 
of Bhizoctoma solani from potato were tested. In the continuation of these 
tests of pathogenicity, 89 additional isolates from potato were obtained from 
various points in United States, Canada, and Europe (Table 1) . These were 
used in inoculating a total of 1,425 sugar-beet roots in a series of experiments. 
Since the isolates from lesions on the underground stems of older potato 
plants, or from sclerotia on the tubers, in no case caused decay of sugar-beet 
roots of medium to large size, the results of these tests are summarized in 
table 1. In each inoculation series, one or more isolates from sugar beet were 
included, as well as noninoculated plants. 

Twenty-three of these isolates from potato, considered representative, 
together with 6 isolates from sugar beet, were similarly used in inoculations 
with red garden-beet roots, 5 roots being inoculated with each isolate. The 
results of these tests are summarized in table 2. The potato isolates were 
nonpathogenic to red garden beet, whereas the sugar-beet isolates were, under 
comparable conditions, pathogenic. 

TABLE 2.—-Eesults obtained in greenhouse inoculations of red garden-heet roots 
with Bhizoctonia solani: Isolates obtained from lesions on underground stems of older 
plants or from sclerotia on tubers of potato are compared as to pathogenicity with sugar- 
beet isolates 


Host from which 
isolates 
were obtained 

Number of 
isolates 
tested 

Number of 
plants 

inoculated ; 

Percentage 

decay 

Potato 

23 

115 

0.0 

Sugar beet 

6 

30 

24.7 

Control^ 


5a 

0.0 


a Control plants were treated in same manner as the inoculated plants, except that 
the grain substratum applied did not contain any organism. 


Inoculation of Potatoes with Sugar-beet Isolates 

Since none of the isolates of Bhizocionia solani from potato was patho- 
genic to sugar-beet roots, it was important to test the pathogenicity of sugar- 
beet isolates to the potato. 

A series of preliminary inoculations of potato plants was made using 
62 sugar-beet isolates; in these tests, 13 potato isolates were also included for 
comparison. The underground stems of the potato plants were exposed to 

6 LeClerg, B. L. See footnote 4. 
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tlie action of the various isolates by the technique previously described. The 
greenhouse experiment was started November 15, 1934, and was concluded 
January 8, 1935. A total of 725 potato plants was inoculated with sugar- 
beet isolates, 73 with potato isolates, and 12 plants were held noninoculated 
as controls. In recording data, infection caused by an isolate was graded 
as to severity. The results are summarized in table 3. 


TABLE 3 . — Summary of results ohtamed 'With potato in a greenhouse inoeiilation 
test using jRMsoetonia solani as represented by 62 sugar-beet isolates and .Id potato is(»- 
lates: Distribution of the isolates according to severity of infection is indicated 


Host from w^liich 
isolates 
were 
obtained 

No. 

of 

isolates 

tested- 

Distribution of isolates aeeording to degree of 
infection producedii 

0 to light 
infection 

Moderate 

infection 

Heavy 

infection 

No. 

Per cent 

No. 

^ Per cent 

No. i 

Per cent 

Sugar beet 

Potato 

62 

13 

10 

9 

16.1 

69.2 

15 

4 

24.2 / 
30*.8 

37 

0 

59.7 

0.0 


Twelve check plants, winch w^ere treated in same manner as inoculated plants, except 
that the grain substratum was used without organism, remained healthy. 


From these data it appears that the sugar-beet isolates, as a group, were 
more virulent to potato than the two types of potato isolates. About 84 per 
cent of the sugar-beet isolates caused moderate to heavy infection on potatoes ; 
conversely, the potato isolates caused only light to moderate infection. Many 
of the sugar-beet isolates caused a stem rot that resulted in a toppling over 
of the affected potato plants. 

Another greenhouse inoculation test was made on March 7, 1936, to de- 
termine the percentage of emergence of potatoes planted in steamed soil that 
had been infested with BJuzoctonia solani as represented by various isolates. 
Twelve pots were used for each isolate, and for the control. The cultures 
used are listed in table 4, and the results of the test summarized. Record was 
taken on emergence after 1 month. The cheeks and certain sugar-beet and 
potato isolates showed perfect stands. It seems safe to attribute the failure 
of emergence of plants to the attack by the organism used, since sprouts that 
did not emerge, as sampled, were found on examination to be attacked by 
Bhizoctonia. It is to be noted that several of the sugar-beet isolates were 
markedly more pathogenic to potato sprouts than the potato isolates used for 
comparison. 

A field experiment was made in the spring of 1935 to test further the 
pathogenicity of some isolates of the 2 groups of Bhizoctonia solani on 
potatoes, the effects on emergence and height of plants being particularly 
noted. The results of this experiment, involving 30 sugar-beet isolates and 
8 potato isolates, are summarzied in table 5 and illustrated in figure 1. 
Isolate SB-118 killed all sprouts before emergence ; 13 other sugar-beet iso- 
lates killed from 4 to 9 of the 12 plants exposed ; 4 sugar-beet isolates appar- 
ently did not affect emergence, but one of them, SB— 84, caused definite stunt- 
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TABLE 4:.---Eif ects of sugar-heet isolates and of potato isolates of EMsoctonia solani 
on enwigence of potato sprouts: Greenhouse experiment started March 7, WS6, in which 
rnTf^tV^ntri^"'^ soil {twelve 6-inch pots used for each isolate 


Host from which 
isolate 

Place 

Designation 

of 

isolate 

Emergence of plants 

was obtained 

Number 

Per cent 

Sugar beet 

Michigan 

SB-39 

12 

100.0 

do. 

do. 

SB-42 

12 

100.0 

do. 

Manly, Iowa 

SB-53 

11 

91.7 

do. 

J udson, Minnesota 

SB-59 

11 

91.7 

do. 

do. 

SB-65 

11 

91.7 

do. i 

Ohio 

SB-43 

10 

83.3 

do. 

Manly, Iowa 

SB-54 

9 

75.0 

do. 

Ledyard, Iowa 

Smith ’s Mill, Minnesota 

SB-60 

9 

75.0 

do. 

SB-69 

9 

75.0 

do. 

Elysian, ^ ^ 

SB-74 

■ s ■ 

66.7 

do. 

Glencoe, 

SB-125 

6 

50.0 

do. 

Chaska, ^ ^ 

SB-13 

5 

41.7 

do. 

East Grand Porks, 

SB-50 

4 

33.3 

Potato 

Baarn, Holland 

Baton Bouge, Louisiana 

P~100 

' 12 

100.0 

do. 

P-116 

12 

100.0 

do. 

Bilworth, Minnesota 

P-20 

11 

91.7 

do 

Quebec, Canada 

P-85 

10 

83.3 

do. 

Chwaliszewo, Poland 

P-105 

10 

83.3 

Control 


12 

100.0 


ing* of the potato plants ; and 4 isolates caused a loss of 1 or 2 plants out of 12. 
In sharp contrast to this is the record for the potato isolates, which, out of the 
8 isolates used in comparison, caused only 50 per cent loss of stand in the 
most severe cases. Some of the more virulent of the potato isolates appar- 
ently caused reduction in height of plants. The evidence in this experiment 
is judged, as a whole, as indicating that sugar-beet isolates apparently were 
more aggressive and did greater damage than the potato isolates. 

Another field experiment of the same general type, in which potatoes 
were inoculated with various sugar-beet isolates, was made in 1936. The 
early loss of stand in this test was small, but toward the close of the season 
a marked reduction in stand had occurred in plots exposed to certain sugar- 
beet isolates. Attempt was made to estimate the degree of severity of infec- 
tion on those plants remaining. These data are presented in table 6. Cer- 
tain sugar-beet isolates, such as SB-13, SB-43, SB-59, SB~69, SB-101, SB- 
103, SB-113, and SB-118, markedly reduced stand, and the infection in the 
plants at hcirvest was Judged as heavy or very heavy. In so far as these 
isolates were used in previous tests^ the record is fairly consistent. Other 
isolates, such as SB-20, SB-45, SB-49, SB-54, SB-56, SB-77, SB-84, and 
SB-121, showed light infection of the plants still standing, but some of these, 
such as SB-20 and SB-45, had severely reduced the stand. Isolates SB-50, 
SB-68, SB-78, SB-99, SB-111, and SB-128 were classified as medium in 
severity of infection, but one of these, SB-50, had a consistant record of 
severe injury to stand in 3 tests. As is to be expected, moderate to very 
heavy infection of the underground stems generally is to be associated with 
marked stand reductions. Conversely, those isolates that were not so 
destructive to stand generally caused less injury to the underground stems. 
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TABLE 5. — Besults of field inoculations of potatoes with sugar-leet isolates and with 
potato isolates of Bhisoctonia solani: St. Paul, Minnesota in 1935 {13 plants used with 
each isolate and for the control) 


Isolate^ 

Source 

Emergence of plants 

Average height 
of plants 
in 1935 

Number 

Per cent 

SB--42 

Micbigaii 

12 

100.0 

Inches 

18.4 

SB-65 

Judson, Minnesota 

12 

100.0 

15.8 

SB-20 

Mankato, ^ ‘ 

12 

100.0 

14.0 

SB-84 

Carver, 

12 

100.0 

7.6 

SB-52 

Manly, Iowa 

11 

91.7 

16.7 

SB-64 

Judson, Minnesota 

11 

91.7 

13.6 

SB~28 

Mankato, ^ C 

11 

91.7 

13.4 

SB-45 

California 

11 

91.7 

12.4 

SB-79 

Mudbaden, Minnesota 

10 

83.3 

12.4 

SB-77 

Carver, 

9 

75.0 

14.1 

SB-70 

Madison Lake, ' ^ 

9 

75.0 

13.2 

SB-68 

Crookston, ‘ ' 

9 

75.0 

12.4 

SB-125 

Glencoe, a 

8 

66.7 

12.2 

SB-62 

Ledyard, Iowa 

7 

58.3 

14.6 

SB-74 

Elysian, Minnesota 

6 

50.0 

11.5 

SB-39 

Michigan 

6 

50.0 

10.3 

SB-53 

Manly, Iowa 

5 

41.7 

14.0 

SB-59 

Judson, Minnesota 

5 

41.7 

13.0 

SB~78 

Shakopee, 

, 5 

41.7 

10.4 

SB-33 

Oslo, 

5 

41.7 

10.0 

SB-50 

East Grand Porks, Minn. 

4 

i 33.3 

10.0 

SB-13 

Chaska, Minnesota 

4 

! 33.3 

7.0 

SB-43 

Ohio 

2 

i 16.7 

12.0 

SB-55 

Manly, Iowa 

2 

16.7 

11.5 

SB-23 

Mankato, Minnesota 

Manly, Iowa 

Smith ^s Mill, Minnesota 

1 

8.3 

15.0 

SB-54 

1 

; 8.3 

15.0 

SB-69 

1 

8.3 

12.4 

SB-60 

Ledyard, Iowa 

1 

8.3 

10.0 

SB-16 

Oslo, Minnesota 

1 

8.3 

3.0 

SB-118 

Mason City, Iowa 

0 

0.0 

0.0 

P-100 

Baarn, Holland 

Quebec, Canada 

12 

100.0 

16.7 

P-85 

11 

91.7 

13.4 

P-105 

Chwaliszewo, Poland 

10 

83.3 

15.7 

P-20 

Bilworth, Minnesota 

Baton Bouge, Louisiana 

10 

83.3 

12.0 

P-116 

7 

58.3 

6.6 

P-18 

Moorhead, Minnesota 

6 

50.0 

13.2 

P-7 

Grand Porks, North Dakota 
Laramie, Wyoming 

6 

50.0 

10.8 

P-27 

6 

50.0 

8.2 

Control 

12 

100.0 

14.2 


a SB = sugar-beet isolate ; P = potato isolate. 


Pathogenicity of Isolates from Infected Potato Stolons 
to Sugar-beet Boots 

The findings of the earlier report and the additional tests here reported 
showed that none of the isolates of Bhizocionia sotom obtained from stem 
lesions on older plants or from sclerotia on the tubers caused rotting of sugar- 
beet roots, but, on the other hand, some of the isolates obtained from, rotted 
sugar-beet roots were extremely virulent to potatoes. Fields in many dis- 
tricts are used for both sugar beets and potatoes ; hence, in a wide range of 
isolations from Bhizoctonia-affected potato plants, isolates pathogenic to 
sugar beets should be encountered. 
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TABLE 6 . — Results oMained in a field inoculaiion experiment with pot at oe^y using 
sugar-heet isolates of Hhisoctonia solani: 1936 test, St. Paul, Minnesota 



Isolate 

Source 

Stand percentage on * 

Degree of 
iiifeetioiiii 

July 7 

Sept. 28 

SB-20 

Mankato j Minnesota 

100 

54 

. L 

SB-43 

Ohio 

100 

50 

II 

SB-45 

California 

100 

62 

L 

SB-51 

Kanawha, Iowa 

100 

83 

YL 

SB-59 

Judson, Minnesota 

100 

50 

II 

SB-68 

Crookston, Minnesota 

100 

96 

M 

SB-103 

Chaska,, 

100 

58 

H 

SB-118 

Mason City, Iowa 

100 

29 

VH 

SB-121 

Jordan, Minnesota 

100 

88 

L 

SB-49 

Michigan 

96 

96 

L 

SB-56 

Eagle Lake, Minnesota 

96 

79 

L 

SB-64 

Judson, Minnesota 

96 

83 

M 

SB-77 

Carver, ^ ^ 

96 

88 

L 

SB-84 

^ Chaska, 'C 

96 

79 i 

L 

SB-99 

Judson, 

96 

33 

M' 

SB-111 

Ventura, Iowa 

96 i 

67 

M 

SB-54 

Manly, Iowa 

■ 92 ! 

92 

L 

SB-78 

Shakopee, Minnesota 

92 i 

79 

M 

SB-101 

J udson, ^ ^ 

92 

58 

H 

SB-69 

SmitlLs Mill, 

88 

42 

H 

SB-113 

Garner, Iowa 

88 

i ' 29 

1 . VH 

SB-128 

Ohio 

88 

i 71 ■ 

! M 

SB-50 

East Grand Forks, Minn. 

83 

33 

^ ■ M 

SB-13 

Chaska, Minnesota 

75 

12 

H 

Control 


100 

100 

None 


a Based on plants remaining alive in the plots : VL = very light j L = light : M = mod- 
erate ; H = heavy VH = very heavy. 


PL. produced on sugar-beet roots by stolon-lesion isolates c 
P on the first three roots caused by P-173, P-170 an 

P 13.) and the absence of injury on the fourth root inoculated with P-150 Each root w' 
wounded with a scalpel before inoculation. aicu wirn r lou. iiacn loot Wc 
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Since the isolates, so far tested, had been limited to lesions on the iinder- 
gTOiind stems of older plants or sclerotia on the tubers, it was thought that 
isolations from potato stolons infected in the spring might be pathogenic to 
sugar-beet roots. Accordingly, isolations were made from severely injured 
potato stolons obtained from “blank’’ hills. Isolates of this type were ob- 
tained in the spring of 1935, 1936, 1937, and 1938 in the vicinity of St. Paul, 
Minnesota ; additional isolates were kindly furnished by Dr. L. H. Person, of 
the Louisiana State University, from collections made near Baton Eouge, 
Louisiana. 

Sugar-beet roots were inoculated in the greenhouse on January 18, 1936, 
with some of these isolates. The results of the test are given in table 7. Of 
the 25 stolon-lesion isolates used, 3 caused appreciable decay of the roots, 9 
caused slight decay, and 13 were nonpathogenie. Isolates P~162, P-169, and 
P-151 were the most virulent. Five of the isolates that did not cause 
typical rot caused a scabbing on the sugar-beet roots at the point of inocula- 
tion. A definite depression was usually produced, but the pathogen did not 
progress beyond this area (Pig. 2). 


TABLE 7. — BesuUs of inoculating sugar-l)eet roots with Wiizoctonia solani isolates 
ohtained from, stolon infeetum.s of potato: Greenhouse test started January 18, 1986, 
(For each isolate, 8 medium-sise sugar-heet roots were used) 


Isolate 1 

Source 

Average decay 

Remarks 

Isolations from ]:)otato stolons 



Fer cent 


P-162 

New Eoads, Louisiana 

45.6 


P-169 

do. 

41.4 


P-151 

Houma, Louisiana 

31.4 


P-136 

Port Snelling, Minnesota 

Slight 

2 roots slightly decayed 

P-138 

Osseo, Minnesota 

do. 


P-139 

do. 

do. 

2 roots slightly decayed 

P-148 

Hoimia, Louisiana 

do. 


P-149 

do. 

do. 


P-166 

NeAV Eoads, Louisiana 

do. 


P-171 

Brooks Stataion, ‘ ^ 

do. 

2 roots slightly decayed 

P-174 

Baton Rouge, ^ ^ 

do. 


P-176 

New Roads, ■ ' 

do. 


P-140 

Minneapolis, Minnesota 

None 

Slight scabbing 

P-141 

Osseo, ‘ ‘ 

do. 

do. 

P~144 

do. 

do. 


P-145 

do. 

do. 

Roots scabbed 

P-146 

Minneai)olis, Minnesota 

do. 

Sliglit scabbing 

P-150 

Houma, Louisiana 

do. 

1 root slightly scabbed 

P-152 

Baton Rouge, Louisiana 

do. 


P-154 

do. 

do. 


P-156 

do. 

do. 


P-158 

do. 

do. 


P-165 

New Roads, Louisiana 

do. 


P-167 

do. 

do. 


P-173 

Baton Rouge, Louisiana 

do. 

Roots badly scabbed 

Isolation from sugar beet , 

BB-69 

Smitli ’s Mill, Minnesota 

33.8 


Control 




(8 roots) 


None 
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All of the stolon-lesion isolates tested in the greenhouse in 1936 and sev 
era! additional ones were used in more extensive field experiments with sin..'„- 
eets in 1936, 1937, and 1938. In these tests, 97 stolon-lesion isolates were 
used to inoculate a total of 4,036 sugar-beet roots. 

The residts of these inocidations are given in table 8. It is signifi.-ant to 
note that 6.2 per cent ol tke» iadates caueed severe „r ver,v seve;. , w ot 
0 er sugar-beet roots and 19.6 per cent caused light to moderate docav 39 9 
per cent paused only a small amount of decay, and 35 per cent were nonp'atho- 
genie. Thus, about 25 per cent of the stolon-lesion isolates were definiteh' 
pathogenic to sugar beets, 11 per cent being moderate to verv severe in ai fade ■ 
a^h^rp contrast to the previous experience of nonpathogenieity o; 

19S7, anai9S8atSt Faui mmes%r ^noonlaUon tests oondmted in 1030, 


Grade of infectiona 

Number of 
roots 

Distribution of isolates on basis 
of decay proclueed 
— .... 

- 

41100 Ulii bOCl 

Number 

Per cent 

None 

Very light, tr-5 ......... 

Moderate, 6-50 

Severe, 51-70 . 

918 

! 1,902 

954 

1 7T 

' ■ ■ 34 

38 

19 

35.0 

39.2 

19.6 

Very severe, 71-100 

Total 

1/ A 

91 

4,036 j 

4 

2 

4.1 

2.1 , . 

■ " — — — ^ — — — 

97 

100.0 


inoculated, 

BHIZOCTONIA root rot as IHPLHENCED BY POTATO AHB SUGAR-BEET CROPPING 

to beTathoS of solam were found 

termine the influence of notatoes f thought advisable to de- 

rot of sugar beets. Aecordino'ly ^field^f^^^ systems to Ehizoctonia root 

Wyoming, and Nebraska in 1936^1937 and7Q3V^^''^“^'^^ Colorado, 
usually precede sugar beets in the rntflf’ t> ^ areas where potatoes 
beet fields was ascertained by eountinTthe 

representative areas of each field a + ^ d. mn , ^ affected plants in 

600 to 800, were counted. ’ * oases 

to “i“f f “™«tonia root rot 

crop Mowed pototoeo S b ' .“r,? 

beet fields examined in which netat sugar- 

Ot 4c delds showl to'SeT^t ® 

cent of the fields having only a trace or ^ Per cent, with 60 per 

4e 3 rears, 28 Selds we-e Mud ip whiek s * T' “ 

4. reverse 
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TABLE 9. — Incidence of EMsoctonia root rot in sugar -heet fields in Colorado, 
Wyoming, and Nehrasha as associated with the previous crop grown, (a) potatoes, or (h) 
sugar leets. Field surveys made in 19S6, 1BS7, and 193S (field averages were deter- 
mined from counts of 500 to 800 affected plants, various parts of each field 'being 
sampled) 


Crop 

preceding 

Number 
of fields 

Number of fields with indicated amounts of Bhizoctonia 
root rot of sugar beets 

n 

sugar beets 

examined 

None 

Trace 

1-5% 

6-15% 

16-25% 

25-50% 

Over 50% 


19S6 

Potatoes 

15 

4 

8 

2 

0 

1 

0 

0 

B 

Sugar beets 

■ 4 

0 

0 

0 

2 

1 

0 

1 

lilli' 

19S7 

Potatoes 

23 

7 

10 

3 

1 

1 

1 

0 


Sugar beets 


1 

1 1 

6 

4 

0 

0 

2 ' 

1938 

Potatoes 

12 

2 

4 i 

1 

4 

0 

1 

0 

iii 

Sugar beets 

10 

0 

3 

0 

3 

1 

1 

2 


3-year total 
Potatoes 

50 

13 

22 

1 

6 

5 

2 

2 

0 


Sugar beets 

28 

1 

4 

6 

9 

2 

1 

5 

ill 


fields showed 5 per cent or less root rot, with a definite trend away from 
absence or trace of root rot. It is recognized that there are limits to the 
conclusions that may be made on results of such a survey, but the data pre- 
sent such contrasts as to suggest strongly the operation of definite effects 
associated with the cropping practice. 

The extreme virulence to potato of many sugar-beet isolates of Bhiz- 
octonia solani in the inoculation experiments previously discussed suggested 
that Rhizoctonia root rot in the sugar-beet crop might lead to severe injury 
if potatoes were planted the following season. 

During the survey of 1936, just referred to, a potato field near Minatare, 
Nebraska, was examined on August 28 for Rhizoctonia injury. It was as- 
certained that sugar beets had been grown for 4 consecutive years in this 
field previous to 1936 and Rhizoctonia root rot had been very destructive in 
the sugar-beet crop of 1933 and 1934. This field showed a stand of potatoes 
of about 80 per cent. In the lower portions of the field, the injury from 
Bhizoctonia was severe. Localization of lesions on the stems near the soil 
surface was commonly noted and production of aerial tubers accompanied 
the girdling thus produced. The Coriicium stage of the fungus was abun- 
dantly produced on severely affected plants. Isolations P-209, P-210, 
P-212, and P-213 were made from 4 potato plants taken from this field. 
Results of subsequent greenhouse pathogenicity tests of these isolates are 
reported in table 10. Two of these isolates were strongly virulent, causing, 
respectively, 83.3 and 100 per cent decay of the roots inoculated, whereas 
the other two were only weakly virulent. This same field was planted to 
sugar beets in 1937, and was examined by the writer on August 31. About 
25 per cent Rhizoctonia root rot was found in the sugar beets, the disease 
being more prevalent in the lower end of the field where disease in the 
potatoes had been more severe in 1936. 
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TABliE lO.—MesiiUs of inoculation of sugar-herl roots 'm (Jir grrnijooos* iriih 
potato and sugar-leet isolates of EMsoctonia solawl eollectal at Mninlar*\ \ihrasl:a, rn 

me 


Isolate 

Number of roots 


Inoculated 

Infected 





■ Per cent 

Prom potato: 



1 r. 

P-209 

9 

9 

P-210 

9 

9 


P-212 

9 

9 

1 lOO.ti 

P-213 

9 

9 

2.S1' 

Prom sugar beet: 



100.0 

SB-148 

9 

9 

Control 

9 

0 

1 0.0 ' 


a Boots varied from 40 per cent to total involvement. 

b Certain roots showed only a trace of decay, considered as 1 per cent in caleulaticm 
of the average effects. 


Interpretation of the high incidence of disease in the j^otatoes in 1936 as 
being in considerable part due to carry-over from the affected sugar beets 
of the previous seasons seemed plausible/ especially as potato isolates patho- 
genic to sugar-beet roots had been obtained from potato-sprout lesions and 
since the 1937 record shows high Rhizoctonia root-rot incidence in the sugar- 
beet crop. 

Taking into consideration the generally high aggressiveness of BMz- 
octonia isolates from sugar beet to potatoes, a crop sequence in wliieh pota- 
toes follow sugar beets might be undevsirable. The crop sequence in which 
sugar beets follow potatoes apparently represents a preferable praetiee and 
is commonly used in Colorado, Nebraska, and other States where sugar beets 
and potatoes are grown in the same rotation. 

SUMMARY 

In tests with 89 isolates of Bhizocionia solcmi obtained from lesions on 
the underground stems of older potato plants or from sclerotia on ])otato 
tubers, none was found to be pathogenic to sugar-beet roots. Although 
these isolates were secured from a very wide geographical range, and the 
results are in line with earlier observations, it is possible that by further 
sampling, isolates pathogenic to sugar beet may be found. 

This point of view finds substantiation in the results of inoculating po- 
tatoes with sugar-beet isolates, which, in general, were more aggressive to 

7 Burthei* evidence of tlie injury due to EMs octonia to potatoes following sugar beets 
is found in a letter received by the writer from Mr. Marx Koelmke of the Nebraska Certi- 
fied Potato Growers Association, The following statement is taken from this letter : ^ ‘ A 
year ago I inspected a field (referring to potatoes) that had previously been planted to 
beets for twenty consecutive seasons. The effect on the potato plants w’-as extreme. Per- 
haps 50% of the plants were dead or dying, and an even greater number died later in the 
season. I have seen an occasional field, where small areas in the field had a high infection 
and, in fact, practically 100% of the plants would be killed in a spot 15 to 20 feet in 
diameter.” ^ 
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potatoes tlian the potato isolates used for comparison. FurthermorCj iso- 
lates were obtained from potato stolons affected by Bhizoctonia solani wMch. 
in a relatively Mgb percentage rotted sugar-beet roots. From potato plants, 
grown in a field wMch bad a previous history of sugar-beet cropping and 
severe root rot, two isolates were obtained from potato stems which were 
strongly virulent to sugar-beet roots. 

Field surveys of sugar-beet and potato fields made in 3 different seasons 
showed that sugar beets grown following a potato crop were, in general, rela- 
tively free from Ehizoctonia root rot, in strong contrast to the situation 
when sugar beets followed sugar beets. Observational evidence, relative to 
deleterious effects when potatoes follow a sugar-beet crop in which root rot 
was a factor, is presented as bearing on the desirability of a potato-sugar 
beet sequence rather than the reverse order of cropping. 

Louisiana State University, 

University, Louisiana. 

BROWN-SPOT NEEDLE DISEASE OP PINES 

Frederick A. Wole and W. J. Barbour i 
(Accepted for publication June 20, 1940) 

A serious needle disease known as brown-spot occurs in the several plan- 
tations of longleaf pine, Pm^s palustris Mill., within the Duke Forest. 
Those who have studied brown-spot (2, 6, 9, 10, 16, 17, 18) regard it as of 
primary importance to seedlings and young trees. The evidence in hand in 
the ease of the plantations within the Duke Forest, which is located outside 
the natural range of longleaf pine, indicates that the transplants first became 
diseased while still in the nursery. 

Our special interest in brown-spot began 4 years ago, when there was 
initiated a study of the morphology and life cycle of the causal organism, 
best known to forest pathologists as Sepioria acioola (Thiim.) Sacc. It early 
became apparent that the pathogen cannot be regarded as a species of Sep- 
toria, and, furthermore, that it possesses a perithecial stage whose genetic 
connection was first suspected in 1926 by Dearness (4) . The results of these 
studies are, therefore, herein assembled, and consideration also is given to 
their significance as applied to dissemination and control. 

suspects AND RANGE 

Evidently, brown-spot is not restricted to longleaf pine, but can also 
involve a number of other species. According to Hedgcock (6) the disease 
occurs on Pinus attenuata Lenim., P. carilaea Morelot, P. ecMnaia Mill., 
P. glabra Walt., P. nigra anstriaoa Schneid., P. palnsiris Milk, P. ponder osa 
Laws,, P. rigida Milk, P. serotinaMiohx., P, sondereggii Chapm., P. iaeda L., 
and P. virginiana Milk The collections available to him were made in Ala- 
bama, Arkansas, Florida, Georgia, Idaho, Kansas, Kentucky, Louisiana, 

1 W. V. Bxowu prepared some of the seetious, Mrs. William Millar, figure 3, and we 
are verj appreciative of these kindnesses. 
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Mississippi, Missouri, North Carolina, Pennsylvania, Oregon, South Caro- 
lina, Texas, and Virginia. All observers appear to agree that brown-spot is 
most severe on longleaf pine, especially on seedlings in nursery rows, that it 
may even constitute a limiting factor in the natural reproduction of this 
species, and that in the South it is coextensive in range with that of long- 
leaf pine. 

APPEARANCE OP THE DISEASE 

It may be indicated that longleaf pine seedlings make very little height 
growth during the first 3- to 5-year period of their existence, but remain as 
foresters say, in the ‘ ‘ grass stage. ’ ’ While in this stage of development each 
successive season’s growth of needles may be killed and remain attached. 
The oldest dry needles droop around the stem, so clothing it that the seed- 
lings look like tussocks of dead grass, the central portions of which are sur- 
mounted by the erect-standing spotted needles (Pig. 1, B). 



PiQ. 1. Comparative appearance of two longleaf i^ine seedlings of the same age. A. 
Healthy. B. Stunted by brown-spot and still in the grass stage. 


The disease interferes with the growth of the needles, stunting being very 
marked in ease the infection is severe (Pig. 2, A). Ordinarily, the charac- 
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Pig. 2. Groups of longleaf pine needles showing effects of brown-spot. The group 
at the left in A is composed of healthy needles, those in the middle group exhibit three 
zones, and those at the right were infected early and are entirely necrotic. Brown-spot 
lesions on longleaf pine needles, somewhat reduced, in B, 

teristic lesions of this brown-spot do not occur throughout the entire length 
of the needles. Instead, the needles have 3 pronounced zones: (a) the basal 
part, which is entirely green, above which is (b) the median portion, spotted 
with scattered lesions that alternate with green tissues (Fig. 2, B) ; then, 
above this, zone (c) , the dead needle tips. The upper end is usually the first 
to become diseased because conditions favorable for the spread of inoculum 
nearly always obtains when growth is renewed in spring or when new needles 
are developing during summer. 

The first evidence of infection is the presence of small, circular spots of 
yellowish to light grayish-green. Within a few days the tissues nearest the 
center of these lesions have become brown and necrotic. As the lesions 
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rapidly enlarge tliey encircle the needle and finally the portion distal to the 
girdle dies. Within 10 to 14 days after the lesions are first evident, a few 
dark, elongated pustules, the conidial fruiting bodies, appear. By means of 
a hand lens it may be noted that they are formed within the leaf tissues and 
that they emerge by the fissuring of the overlying tissues (Fig. 3, A). By 
this time the needles may have attained maturity and new infections may 
have been initiated on that portion of the leaf that is to become the median 
brown-spotted zone. Evidently, typical lesions cannot be initiated on ma- 
ture leaf tissues, which may account for the fact that the leaf bases are 
usually free from brown spots. Once the tissues beyond or between lesions 
are dead, the mycelium can extend into and ramify throughout them. 
Needles that are dead throughout most of their length commonly remain 
attached for a year or more. 
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Fig. 3. Sketches of brown-spot lesions as seen with the binocular dissecting micro- 
scope. A. Innate-erumpent acervuli in discolored areas with dark conidial heaps. B. 
Innate-erumpent peritheeial stromata as seen projecting above the leaf surface. C. 
Perithecial stromata as seen from above, either still eniersed or having burst the overly- 
ing tissues. 

If more than one crop of needles is produced during one growing 
season, each crop may be attacked successively in the same manner. In 
consequence, growth of the seedlings is retarded and, instead of remaining 
in the grass stage ’’ for a few years only before beginning height growth, 
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they may remain in tMs stage 8 to 10 years, or they may succumb. Quite 
commonly they are dead by the end of the third season. Chapman (2) ob- 
served that in Louisiana 5.3 per cent of longieaf pine seedlings up to 6 inches 
in height were killed, 34.3 per cent of those 6 to 24 inches tall, and 4.5 per 
cent of those over 2 feet high. Webster (18) stated that brown-spot is not 
usually so destructive in Texas, but that, in longieaf pine nurseries, if uncon- 
trolled, it might kill or make unfit for transplanting all of the seedlings in 
a relatively short time. 

developmental morphology 

To determine the course of development of the pathogen, diseased needles 
were collected at frequent intervals throughout the year for immediate 
microscopic examination. Use also was made of series of appropriately 
fixed, embedded, sectioned, and stained materials. Since the fungus is pig- 
mented throughout, unstained sections were found quite satisfactory for 
many of the observations. Owing to the fact that longieaf pine needles are 
heavily cuticularized and possess thick-walled hypodermal fibers, suitable 
sections were difficult to prepare, longitudinal sections being less difficult, 
however, than transverse ones. 

Although penetration by germ tubes has not been observed, it apparently 
is accomplished through stomates, since the mycelium is at first localized in 
the substomatal chambers. In the beginning the mycelium is intercellular 
involving the mesophyll. After a time, however, the cell walls are pene- 
trated, and become collapsed, their lumina becoming occupied by the hyphae. 
After the mesophyll intervening between lesions becomes necrotic it may be 
rather quickly and completely invaded by hyphae. Vascular tissues, how- 
ever, appear not to be invaded, a fact that may account for portions of the 
needles, distal to lesions, remaining green for considerable time. Conidial 
stromata begin to form as soon as the mesophyll tissues become necrotic and 
the invading mycelium becomes intracellular. They are seated within the 
mesophyll, generally in the substomatal cavities. These stromata, consti- 
tuted of rather thick- walled, brown cells, continue to increase in size until 
they are apparent to the unaided eye as black points entirely submerged 
within the leaf tissues. At this stage they are button-shape, and on the side 
toward the exterior of the leaf, which is plane or somewhat discoid, a pali- 
sade of unbranched conidiophores 18-25 X 2.5-3 q is forming (Fig. 4, A). 
The conidia, which are cylindrical, curved, 1-3-septate (Fig. 4, A andC), 
and brown, are abstricted seriatim from the apices of these conidiophores. 
The pressure exerted by the conidia as they accumulate lifts the overlying 
epidermis and hypodermis and finally ruptures it. Sometimes a lateral 
cleft (Fig. 4, A) is formed and the overlying tissues remain as a flap partly 
covering the acervulus. In other cases 2 fissures appear, in which case a 
strip or flap of host tissue remains above the acervulus. Conidia are ex- 
truded from the fissures thus formed. They are held together in a mucoid, 
water-soluble matrix and, if conditions of moisture are favorable, may 
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accumulate in black heaps 500 to 1000 \x in height. Acervuli continue to 
shed conidia for indefinite periods. Moreover, new acervuli continue to 
form within necrotic tissues ; in fact, viable conidia may be obtained from 
needles collected at any time throughout the year. 

During winter and early spring other dark-color stromata may be found 
embedded within dead tissues on either or both leaf surfaces (Pig. 3, B and 
C). These stromata tend to be linear in arrangement and to vary from 
spherical to elongate-cylindrical. Their dimensions vary from 300-2500 jj 
in length, 300-500 |j in width and 100-200 p in thickness. Each stroma 
contains from a single locule to as many as 10 to 18, arranged in 1, 2, or 3 
rows (Pig. 4, E and P). 

Eventually, they become erumpent through one or more fissures and pro- 
trude above the leaf surface. When such stromata are sectioned they may 
be noted to contain two types of locules. One type, the spermogonium, is 
loosely filled with deep-staining cells arranged in columnar manner (Pig. 
4, C) . These columns extend from the inner periphery of the locules toward 
the ostiolar orifice. The other type, the carpogonium, is loosely filled with 
pseudoparenchymatous nurse cells with deep-staining content. Within each 
carpogonium are one or more archicarps (Pig. 4, B). Each archicarp con- 
sists of a basal enlarged portion, the ascogone, above which is a segmented 
trichogyiie that tortuously extends to the exterior. 

Apparently, each cell of the columnar chains is spermatiferous. Por- 
mation of spermatia first involves those cells nearest the ostiolum. As their 
content is exhausted their walls disintegrate to the extent of becoming 
mucoid, and the cells immediately below them are in turn involved. Appar- 
ently, a lateral sterigma or papilla is formed from each cell, and the bacilli- 
form spermatia, 2-4 x 1 p, presumably 4 of which are formed from each cell, 
are abstricted seriatim from this papilla (Pig. 4, D). Eventually, all the 
spermatia have been produced and the walls of spermatiferous cells have 
disintegrated. At this time the locules are filled with spermatia, embedded 
in a slimy matrix. When moisture is available the spermatia ooze to the 
surface. Apparently similar structures were first noted by Sydow (12) who 
states ''Wir beobachten auch nicht selten in manchen Gehausen bald nur 
ganz vereinzelte bald grossere Mengen von hyalinen, stabschenf ormigen, ca. 
2.5-5 X 1 p grossen Konidien, die den Seitenasten der Trager aufsitzen.’’ 

Within 6 to 8 weeks after spermogonia and earpogonia are first found the 
latter have become transformed into mature perithecia. None of the details 

4. Microscopic morphologic details of the brown-spot fungus. A, B, C, E, and 
F of magnification shown by scale near A. Magnification of B, G to K, that of scale near 
I. A. Section of acervulus on the conidial stage, Lecanostieta acicola (Thiim.) Sacc. on 
longleaf pine needle. The stroma, conidiophores and conidia, beneath, the ruptured outer 
layers. B. Section of carpogonial stroma, which is to become transformed into a perithe- 
cial locule. C. Spermogonium, with columnar spermatiferous cells, formed in substomatal 
eavitity. D. Portion of chain of spermatiferous cells, with lateral sterigmata from which 
spermatia are abstricted. E. Cross section of an elongated peritheeial stroma showing in 
section two perithecial locules. F. Longitudinal section of a mature peritheeial stroma 
showing five peritheeial locules. G. Conidisi of Lecanostieta acicola stH,ge, H. Germi- 
nating conidia. I. Ascospores of Systremma- acicola (Bearn.), comb. nov. J. Mature 
of Systremma acicola. K. Germinating ascospores. 
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ill this process are known but it is highly probable that the spermatia lodge 
on the triehogynes, elEect fertilization, and that the asci arise from the fertil- 
ized ascogone. All of the asci in each locule tend to adhere in a fascicle. 
Not all of them mature simultaneously. Paraphyses are lacking. 

The aseus wall consists of 2 membranes. The outer one is thickened api- 
cally and is rather inextensible (Fig. 4, K). As a preliminary to ascospore 
discharge the outer wall ruptures, whereupon the inner extensible membrane 
elongates in a Jack-in-the-box fashion. In consequence, the aseus tip ex- 
tends to the outside through the ostiolum, and the complement of ascospores 
is discharged one at a time in close succession. The empty aseus then is 
quickly retracted, making room for others in series. The mature aseus 
measures 35-50 x 7-9 q. The ascospores are unequally bieellular, the upper 
cell being the larger, and they are dilutely brown. They measure 15-19 x 
3.5-4.5 [j, and each cell commonly contains 2 prominent oil globules (Pig. 
4 , 1 ). 

GROWTH IN CULTURE 

This fungus has been grown in pure culture without difficulty, both from 
conidia and from ascospores. Both the dilution-plate and the streak methods 
were employed in plantings from suspensions of conidia in water. The co- 
nidia germinate readily in water or on nutrient agar, potato agar, or malt 
agar. As an initial step in germination the cells become swollen and some- 
what rounded (Pig. 4, H). Within 24 hours germ tubes have formed from 
one or more of the cells. Three or 4 days are required before mycelial 
growth is first evident to the unaided eye, and then only if the Petri dish 
cultures are viewed in front of a source of light. Gradually, a loose fuscous 
mycelium becomes apparent and, after 3 or 4 weeks, the colonies have become 
compact and somewhat stromatoid, are hemispherical, smoky colored to coal- 
black, and have attained a diameter of 0.3 cm. or less. Within this period, 
if the cultures are maintained at room temperature, conidia identical with 
those produced in nature on pine needles will have been formed. Paraffine 
sections of such colonies show that the acervuli are disc-shaped, some rather 
flat, others rather deeply concave. 

Isolations from ascospores were made by placing pieces of needles bear- 
ing mature perithecia on folded paper towels in the tops of Petri dishes. 
Agar, previously solidified in the bottoms of the dishes, was inverted over 
these pieces of needles. Under these conditions the ascospores are forcibly 
expelled onto the agar. Here they germinated (Pig. 4, K) and colonies of 
the same appearance as those originating from conidia were produced. 
Moreover, such colonies produce acervuli and conidia, similar in all respects 
to those originating from conidia. The complete agreement of cultures iso- 
lated from conidia with those isolated from ascospores leaves no doubt as to 
the genetic connection of these two stages. 

TAXONOMY 

The brown-spot fungus was first named Cryptosporium acicohm hj de 
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TMmen (15) in 1878. His specimens, distributed as no. 1484 in Mycoiheca 
universalis, constitute the conidial type. These specimens were collected in 
1876, at Aiken, South Carolina, by H. W. Ravenel. The host was thought 
to be Finns variabilis Lamb., but proved to be P. caribaea (6). Crypto- 
sporium has innate, acervular fruiting bodies, bearing hyaline conidia, and 
is among the Melanconiaceae. 

In 1884, Saccardo (8), because of the supposed pycnidial nature of the 
fruiting bodies and septate conidia, transferred it to Septoria acicola 
(Thiim.), among the Phomaceae. Through a typographical error it is in- 
cluded in Martin’s (7) list of North American species of Septoria Septoria 
acericola (Thiim.) Sacc. 

In 1918 a collection made at Pike City, Arkansas, was sent to Sydow (12) 
who, in 1922, being unaware that the pathogen had previously been named, 
designated it the type of a new genus Lecanosticta, among the brown-spore 
Excipulaceae. He gave it the name L. pini. Two years later, after having 
received additional collections of diseased needles of Finns attennaia and 
P. ponderosa from Idaho and Oregon, and presumably having had access to 
de Thiimen’s specimens, he realized that his binomial L, pini was untenable. 
He (13), therefore, changed the name of the brown-spot fungus to Lecano- 
sticta acicola (Thiim.), relegating L. pini to synonomy. 

In 1926, Dearness (4) described Oligostroma (FJiyllachora) acicola, 
among the Phyllachoraceae, noting that it was associated on needles of long- 
leaf pine with Cryptosporkm acicolnm Thiim. Apparently, the type speci- 
mens were collected at Silver Springs, Florida, February 27, 1919, by G. G. 
Hedgcock, his collection number being 32146. Two years later Dearness (5) 
emended Saccardo ’s description (8) and pointed out that the conidial fun- 
gus on pine needles, while not a typical Cryptosporium, fits in this genus 
better than in Septoria. He also suggested that Oligostroma acicola Dearn. 
may be an ascigerous relative of Cryptosporium acicolnm, 

Hedgcock (6) noted that the fruiting structures of the fungus on pine 
needles differs from typical species oi Cryptosporium and of Septoria; but, 
since the fungus resembled species of Septoria in artificial culture, he chose 
to leave it in that genus. This conclusion, as previously stated, met with 
approval among forest pathologists generally. 

Siggers (11), in 1939, having proved by cultural studies the connection 
of the imperfect and ascigerous stages, transferred this pathogen from Oligo- 
stroma Dearn. to a closely related genus of the Phynaehoraceae. He 

denominated it Scirrhia acicola (Dearn.), nov. comb. 

Most mycologists agree that the Dothideales, as at present constituted, 
contain two families, the Dothidiaeeae and the Phyllachoraceae. These fami- 
lies differ mainly in the ultimate position of the perithecial stromata, those 
in the former being erumpent at maturity and, in the latter, remaining 
covered by the host tissues. As has been shown by our studies, the brown- 
spot fungus produces erumpent, loculate stromata that are at first innate, 
and, therefore, it must be placed among the Dothidiaeeae. In this family, 
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if the generic keys of Theissen and Sydow (14) are followed it fits best in 
the genus Systremma because of the possession of phaeodidymous ascospores 
and the lack of paraphyses. Since the essential features in the cycle of 
development of this organism are described for the first time in this report 
and it appears to belong in the genus Systremma^ as it is now delimited, the 
fungus is given the new’ name Systremma acicola (Dearn.), comb. nov. A 
brief Latin diagnosis, as follows, is therefore given. 

Systremma acicola (Beam.), comb. nov. 

Sjn. Crytosporium acicolum Thxim. Flora 61: 178. 1878. 

S eptoria acieola 82iC.c. Syll. Fung. 3 : 507. 1884. 

Lecanosticta pini Sjd. Ann. Myeol. 20: 211-212. 1922. 

Leoanosticta acicola (Thiim.) Syd. Ann. Myeol. 24: 398-400. 1924. 

OUgostroma acicola De&TXL. Myeol. 18: 251. 1926. 

ScirrMa acicola (Bearn.) Siggers. Phytopath. 29: 1076-1077. 1939. 

Stromatibus ampliigenis, plus minusve Ixneari-dispositis, sphaericis vel elongatis, 
innatis, ex mycelio in niesophyllo folii oriundis, late per epidermidem erumpentibus, brun- 
neis vel atrofuseis, 0.3-2.5 x 0.3-0.5 mm. diam.; loculis fertilibus omnino immersis, primum 
clausis denmm ostiolatis, ca. 1-18 in quoque str ornate, monosticMs v. disticliis v. tristichis, 
ostiolis non-papillulatis, 40-80 p, diam.; asei aparapbysatis, cylindraeeo-clavatis, apice 
obtusis, pariete ad apieem crassiusculis, 35-50 x 7-9 p, octosporis ; sporidiis saepius 
disticMs, inaequaliter 1-septatis, constrictis, loculo supero crassiore, 4-guttulatis, dilute 
brunneolis, 15-19 x 3.5-4.5 p. 

Spermogoniis et carpogoniis efformantibus, in stromate oriundis, sphaericis, brunneis, 
40-80 p diam . ; spermatiis bacillaribus, 3-4 x 1 p. 

Hab. in maculis exardis atque in foliis emortuis Pini spp. 

Status conidicus: Statum conidieum Lecanosticta acicola (Thiim.) Syd. sistit. 
Laesionibus fulvellis vel brunneolis; stromatibus aeervulorum brunneis v. fuscis, sub- 
epidermicis, late erumpentibus et elevatis, punctiformibus vel plus minus lineari-dispositis; 
sporulis in massulis mucoidis eoadunatibus, curvato-lunulatis, cylindraeeis utrinque ro- 
tundatis, pallide fusco-griseis demum brunneolis, 1-3-septatis, 19-35 x 3.5-4 p. 

Hab. in foliis viridibus et emortuis Pini spp. 

For the convenience of mycologists specimens have been deposited in the 
herbarium of the U. S. Department of Agriculture, the New York Botanical 
Garden, and the Farlow Herbarium. 

GENERAL CONSIDERATIONS 

All previous studies of life histories of Ascomycetes possessing a patho- 
genic conidial stage and a saprogenic ascigerous stage, that have come to our 
attention, show that the perithecia are initiated in autumn, continue their 
development throughout the succeeding winter, and mature during spring. 
It is generally inferred regarding such ascomycetes that low temperature is 
requisite to perithecial development. The present observations on the browm- 
spot pathogen indicate that its perithecia may mature at any time within 2 
or 3 months after the tissues have become necrotic. Spermogonia and carpo- 
gonia, which are the precursors of perithecia, may be first present in March, 
and, 4 to 6 wrecks later, these carpogonia have become transformed to mature 
perithecia. This difference between Systremma acicola and other related 
Ascomycetes in the season when perithecia are formed may be causally re- 
lated to two facts, (a) pines are evergreen, several crops of needles being 
formed within the year, and (b) viable conidia may be present throughout 
the entire year. These facts suggest that the character of the substrate, i.e., 
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the presence of recently-killed tissnes to serve as food, rather than tempera- 
ture, may constitute the controlling factor in the initiation and development 
of perithecia of Systremma acicola. 

Attention may well be called to the fact that the aseospores of Oligo- 
stroma and Soirrhia, to which genera the brown-spot pathogen had previ- 
ously been assigned, are hyaline. If it is recalled that the conidia of the 
fungus under consideration are brown, that the eonidial, spermogonial, 
carpogonial, and perithecial stromata are composed of cells with dark-brown 
walls, that the colonies in culture are smoky to black, then one should antici- 
pate brown aseospores. A similar condition, as regards the presence of pig- 
mentation of aseospores exists, as has been shown (19), in the elosely related 
dothidiaceous fungus Cymadothea trifoUi (Pers.) Wolf, the perithecial stage 
of Polythrmemm trifolii Schm. and Kze. 

Various mycologists have maintained that the measurements will not 
reflect the true size of aseospores if desiccated specimens are used. Many 
Ascomycetes discharge their aseospores immediately after they mature; 
hence, dried specimens may not contain asci wuth mature aseospores. Our 
experience indicates that the size of aseospores can be known only if they are 
measured immediately after discharge. The measurements of aseospores of 
the pine bimwn-spot fungus given by Dearness (4) and by Siggers (11) indi- 
cate that they employed immature material. 

This organism is admirably adapted to distribution by water. As has 
previously been mentioned, the conidia are embedded in a mucoid, water- 
soluble matrix that binds them together in heaps. A suspension of conidia 
is quickly formed when these heaps are brought into contact with water, and 
conditions are then ideal for the conidia to be splashed upon near-by objects. 
Verrall (17), working in Louisiana, pointed out that spattering by rain is 
primaiuly responsible for dissemination of the conidia. When he placed 
slides, smeared with vaseline, sufficiently near diseased pine seedlings to be 
spattered by rain drops, 100 to 400 conidia per slide were caught. If heavy 
winds accompanied the rains, as many as 50 conidia per slide were caught 
3 feet above the seedlings. Undoubtedly, there is a direct correlation be- 
tween the height to which conidia are splashed, the relative freedom of seed- 
lings from disease, and the height of seedlings. Verrall (16), on the other 
hand, has presented evidence that trees more than 5 or 6 feet tall possess a 
high degree of resistance. 

Chapman (2) noted that new infections are almost completely lacking 
during long dry periods, and that the disease flourishes during wet seasons. 
According to his interpretation the freedom from infection during dry sea- 
sons is attributable to the fact that the fungus ‘ ^ will not survive on foliage 
at too great distance from the ground where action of wind and sun keep it 
drier ^ ^ ; but it would seem rather to be the result of lack of production and 
dissemination of conidia during dry weather. 

The aseospores are forcibly expelled in the presence of moisture, as has 
been stated, and are air-borne. They could be carried by convection cur- 
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rents or by wind to appreciable heights. The likelihood of their lodgment 
on the foliage and of their being able to initiate infections would be antici- 
pated to decrease rapidly, however, with distance from the ground. 

CONTROL 

Rather extensive experiments on spraying to control brown-spot in nurs- 
eries have been made by Siggers (9). After 2 years' treatment, he found 
that sprayed seedlings had a diameter times that of nonsprayed ones in 
adjacent rows. The fact that conidia may be produced at any season the 
year around, that they are distributed by rain-splash, that ascospores are 
formed in dead tissues and are air-borne, and that several crops of new 
needles may be formed within a year indicate that numerous sprayings 
would be required to give adequate protection. In view of these things 
there seems little likelihood that spraying could be done at a cost that would 
be justifiable and, at the same time, would insure the survival of transplants. 

Both Siggers (10) and Chapman (2, 3) have recorded the results of 
experimentation with fires to control this disease. To the uninitiated this 
measure might, at first, appear to be sheer folly. It should be borne in mind, 
however, that longleaf pine possesses great ability to survive fires and that 
the production of extensive pure stands of longleaf pine were made possible 
by removal by fires of competing hardwoods. Chapman (3) has pointed out 
that the natural reproduction of this species is impossible if 3- or 4-years' 
accumulation of litter lies on the ground. If seed should fall in such litter 
and should germinate, the seedlings cannot contact mineral soil where con- 
ditions of moisture favor their establishment. For this reason he recom- 
mends controlled huTning during the winter prior to seed dispersal. 
Furthermore, as he states, longleaf pine is intolerant of shade. One or two 
controlled fires, during the period when the seedlings are in the grass 
stage" will free them from competition with hardwoods or other vegetation 
that produces shade. Moreover, the destruction of the brown-spot fungus 
by these fires has a salutary effect in that it keeps the seedlings sufficiently 
free from disease so that there is little interference with the initiation of 
height growth. 

After height growth commences, occasional fires are necessary to remove 
brush and other vegetation that might accumulate to the extent of producing 
sufficient inflammable material to cause a crown fire that would kill well- 
established trees, even though 10 or more years old. This hazard is very 
real in forests from which the ground cover is not removed by occasional 
controlled fires. 

In the light of our findings on the life history of the brown-spot pathogen 
and of its means of dissemination, the successful control of this disease and 
the regeneration of stands of longleaf pine require, as Chapman (3) advo- 
cates, the use ot controlled fires. Man needs merel}^- to exercise judgment 
in duplicating the processes that have been in practice for several hundred 
years, at least long before silviculture and forest pathology acquired the 
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dignity of sciences. If this be done, longleaf-pine forests can be grown and 
preserved for posterity. 

summary 

This study involves the developmental morphology of a fungus causing 
brown-spot needle disease of pines, especially longleaf pine, Finns palustris 
Mill. The disease is seriously destructive to seedlings and young trees 
throughout the entire range of longleaf pine. 

Brown necrotic areas form on the needles girdling them. In conse- 
quence, the portions distal to the lesions become dry, the needles dwarfed, 
and the seedlings stunted or killed. 

The pathogen possesses a conidial stage, properly identified as Lecano- 
sticta acicola (Thiim.) Sacc., and a perithecial stage, Systremma acicola 
(Dearn.), comb. nov. Genetic connection has been established by growth in 
culture. 

Viable conidia may be found at any time throughout the year. The 
acervuli are innate and become erumpent, the conidia being extruded in a 
matrix that binds them in heaps. The conidia are adapted to distribution 
by rain splash to longleaf pines in the ‘-grass stage.’’ 

Perithecia are initiated within stromata that bear concurrently both 
spermogonia and carpogonia. Six to 8 weeks later the perithecia are mature. 
The aseospores are disseminated by air currents. Presumably, perithecial 
formation is not controlled by temperature alone. 

Since the fungus is dothidiaceous and is pigmented throughout, as estab- 
lished by these studies, it is placed in the phaeodidymous aparaphysate 
genus Systremma and is briefly described. 

The brown-spot fungus is indicated from the studies of its life history 
and dissemination to be best controlled by use of controlled fires. 

Duke University, 

Durham, N. C. 
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PEBLIMINARY INVESTIGATIONS ON DWARF BUNT OF WHEAT" 

C . S . H 0 L T 0 N 
(Accepted for publication June 12, 1940) 

INTRODUCTION 

The occurrence of dwarf bunt in certain localities in the Pacific North- 
west wheat region has stimulated considerable interest and study of this 
disease in recent years. Although caused by a race of Tilleiia iriiioi 
(Bjerk.) Wint., the dwarf bunt differs markedly from the common bunt 
caused by other races of T. tritici or races of T, levis Kiihn. It causes ex- 
cessive dwarfing and tillering of infected plants, has relatively small, hard 
spore balls (sori), and the chlamydospores of the fungus have unihsually 
prominent reticulations (Pig. 1). The dwarf bunt fungus is further 
distinguished by the apparent nonviability of the chlamydospores under 
laboratory conditions, and by the failure to obtain infection by seed inocu- 
lation. These distinguishing characteristics of the dwarf bunt were reported 
by Young^ in 1935 and Holton and Heald^ in 1936. Its prevalence in Utah 
has been reported by Tingey and Woodward.^ The latter and Holton 
and HeakU also pointed out that this bunt appeared to be more difficult to 
control than common bunt. Consequently, dwarf bunt presents unique 
problems both in research and in control. Conditions that favor spore 
germination, seedling infection, and general development of other known- 
races of T. tritici and races of T, levis apparently^ do not favor the dwarf -bunt 
fungus. These peculiar requirements have necessitated investigations in 
order to solve these problems. Preliminary results of such investigations, 

1 Cooperative investigatioiis of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture, and the Washington Agricultural Ex- 
periment Station. Published as Scientific Paper No. 453, College of Agriculture and 
Agricultural Experiment Station, State College of Washington. 

2 Young, P. A. A new variety of TUletia tritici in Montana. (Abstract) Phytopath. 
25: 40. 1935. 

3 Holton, 0. S., and F. D. Heald. Studies on the control and other aspects of bunt 
of wheat. Wash. Agr. Exp. Stat. Bull. 339. 1936. 

4 Tingey, D. C., and B. W. Woodward. Belief Wheat. Utah Agr. Exp. Stat. Bull. 
264. 1935. 

3 See footnote 3. 
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Pig. 1. Photomicrograph showing the prominently reticulate chlamydospores and 
smooth, hyaline spores of the dwarf bunt. 

together with those of studies on the inheritance of certain characteristics 
of the dwarf bunt fungus, are reported here. 


MATERIAL AND METHODS 

Chlamydospores of the dwarf bunt used in these studies were obtained 
from commercial wheat fields in different localities of the Pacific Northwest. 
Hindi wheat (C.I. 8454),^ highly susceptible to bunt, was used in the inocu- 
lation experiments. The seed was soaked in formaldehyde solution (1-320) 
for 5 min. and then washed in water to remoye the formaldehyde. Inocu- 
lations were made with monosporidial lines and combinations of such lines 
by the method described recently.'^ 

The apparent inability of chlamydospores of the dwarf bunt fungus to 
germinate under laboratory conditions suggested further investigations of 
this problem. Spores of Tilletia tritici and T, levis usually have been germi- 
nated on 1.5 to 2.0 per cent water agar, and germination usually requires 
5 to 10 days, depending upon the physiologic race. 

In attempts to germinate dwarf bunt spores the chlamydospores were 
subjected to various treatments and tested on several kinds of media. Daily 
observations for germination usually were begun on the fourth day and con- 
tinued for at least a month. The treatments included alternate freezing 
and thawing, alternate wetting and drying, incubating at 35° C. for differ- 
ent periods, and treating with Auxilin (Indolebutyric acid). The media 

6 0,1. denotes accession number of the Division of Oei*eal Crops and Diseases. 

7 Holton, 0. S. A simple method of inoculating wheat seedlings with paired mono- 
sporidial lines of Tilletia tritici and T. levis. Phytopath. 28: 518-520. 1938. 
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on wMch tests have been made include potato-dextrose agar, water agar, 

, i| soil-extract solution, soil-extract agar made from raw and baked soil, and 

' I' juice extract from several varieties of -winter wheat. Water agar, in 

‘ ; which wheat seedlings were growing and water agar on which chlamydo- 

spores of other races of TUletia tritici and T. levis were germinating, also 

i was used. Tests also were made by sowing spores on the surface of sterilized 

and nonsterilized soil kept moist by subirrigation. Tests were made at tem- 
peratures ranging from 10° C. to 25° C., and some at 35° G. 

ii '' j' KXPEEIMENTAL RESULTS 

Ij*' ' Spore Germination 

! ! ' As yet, no germination of the dark, reticulated, dwarf bunt chlamy do- 

spores has been obtained. Despite this failure, sickle-shape secondary 
sporidia in isolated positions on the agar surface, were rather frequently 
, /I I observed, indicating that germination had occurred, but that the secondary 

■ y , sporidia had been forcibly abjeeted from the sterigmata of single or fused 

I ' primary sporidia. However, since germinating chlamydospores could not 

1 , ^|I be detected, it became obvious that the secondary sporidia were arising from 

'j! some source other than primary sporidia. Numerous smooth-hyaline spores 

*'1 ' invariably were associated with the regular chlamydospores of the dwarf 
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bunt (Fig. 1). Such spores or cells occur commonly in the sori of Tilletia 
spp., and usually are regarded as sterile or immature ehlamydospores. In 
the germination tests referred to above, however, it was found that some 
of them had germinated and were producing sickle-shape, secondary sporidia, 
and also other types of structures. Several types of germination were ob- 
served, some of w^hich are shown in figure 2. In some cases, short sterig- 
mata were produced with either sickle-shape or short-cylindric sporidia 
borne at the tip (Fig. 2, A), the former being forcibly abjected (Fig. 2, E), 
and the latter remaining attached. In other cases long, promycelium-like 
stimctures were formed with a sporidium at the tip (Fig. 2, G). These 
branched and either developed directly into a mycelium, or produced short 
sterigmata on which sporidia were borne (Fig. 2, D). The production of 3 
typical primary sporidia was observed in one instance (Fig. 2, F). 

Probably the most common type of germination observed was ‘the pro- 
duction of a short sterigma-like structure on the tip of which a spherical 
cell was formed. The stages in the development of the spherical cell from a 
secondaiy sporidium were observed and are shown diagrammatically in fig- 
ure 3. In this ease, the hyaline spore produced a sterigma with a sporidium 
at the tip, which soon began to swell near the center,, and finally became 



Fig. 3. Diagram sliowing stages in the development of a spherical cell from a sec- 
ondary sporidium attached to a sterigma produced by a germinated hyaline spore of the 
dwarf -bunt fungus. 
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spherical. These spherical structures normally are aerial and either shrink 
from desiccation (Fig. 2, B) or explode, spreading cytoplasmic fragments 
over the agar surface. Invariably, these structures explode if they come 
into contact with the agar surface, either by being pressed down with a 
cover slip or by other means. Since the sporidia and sterigmata usually 
are aerial, the expansion that results in the formation of these spheres 
apparently is due to absorption of water from the agar through the main 
spore, or by direct absorption of atmospheric moisture through the wall of 
the sporidium. Buller and VanterpooP observed a similar type of structure 
in Tilletia tritici, which they believed to be due to a water drop that failed 
to abject the sporidium and continued to enlarge until the sporidium was 
enveloped. If the formation of the structures observed and described by 
the writer was associated with a water drop it seems more likely that the 
enlargement takes place within the sporidium than that it occurs outside 
and envelopes the sporidium. 

Culture Studies 

Cultures of the dwarf -bunt fungus were obtained by inverting a Petri 
dish of water agar containing germinating spores over a dish containing 
potato-dextrose agar and allowing it to remain for several hours, during 
which time the forcibly abjected sporidia dropped to the surface of the 
nutrient medium below. The sporidia were then located with the aid of 
the microscope and their positions marked, so that the colonies could be 
transferred to test tubes when they had developed sufficient size to be visible 
on the agar surface. 

The growth from the sickle-shape sporidia was found to be of 2 distinct 
types : 1, a haploid type of mycelium which grows rapidly and branches 
profusely (Fig. 4, A); and 2, a dikaryotic-like hypha, which rapidly in- 
creases in length, producing an empty, septate mycelium with only the tip 
containing cytoplasm (Fig. 4, B). The latter growth continued either to 
the point of disintegration of the mycelium, or began to branch and produce 
secondary sporidia and eventually well-developed colonies. Individual 
branches, however, continue to appear dikaryotic in growth habit. This 
type of development produces characteristically flat and white colonies. 
The haploid growth type likewise occasionally produces the flat colony, but 
in the majority of cases it produces grayish colonies of small diameter and 
considerable height. In 60 sporidia studied, 47 produced the haploid type 
and 13 the dikaryotic-like type of growth. 

Pathogenicity 

No infection was obtained from inoculations with 20 individual lines, 
indicating that each line was unisexual, notwithstanding the dikaryotic-like 
type of mycelial development noted above. Infection was obtained, however, 

8 Buller, A. H. R., and T. C. Vanterpool. The violent discharge of the basidiospores 
(secondary conidia) of Tilletia triticL Buller, Researches in Fungi, Vol. 5, 416 pp. 
Longmans, Green and Go. (New York). 1933. 
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Pig. 4. Two types of mycelium produced by the secondary sielde-sliape sporidia of 
the dwarf -bunt fungus. 

from inoculation with 2 combinations of 10 monosporidial lines each, and 
typical dwarf bunt was produced. The chlamydospores were typical of the 
dwarf -bunt spores, and only the hyaline cells would germinate. 

Kepeated attempts to obtain infection by inoculating the seed with 
chlamydospores and by planting seed in inoculated soil have been imsuc- 
cessful, except for occasional heads that probably were the result of infection 
by germinated hyaline spores. It appeared possible, therefore, that the 
chlamydospores of the dwarf -bunt race might be nonviable under all con- 
ditions and that this disease is being perpetuated by the hyaline spores. 
For this reason it seemed desirable to determine the percentage of hyaline 
spores in the total spore population. Counts made at random showed that 
8.8 per cent of 1733 spoi^es were of the hyaline type. Their viability has 
not been determined accurately, but general observations suggest that the 
percentage of germination is not especially high. Furthermore, inocula- 
tion results indicate that the hyaline spores are simply haploid mycelial 'cells 
that form a part of the predominantly binucleate (dikaryotic) mycelium 
and become transformed into resting cells when the diploid chlamydospores 
are formed. In view of the relatively low proportion of the hyaline spores, 
the absence of a high percentage of viability, and their apparent unisexual 
nature, it seems questionable that they are present in sufficient numbers 
to produce the high percentages of infection occasionally obtained in ex- 
periments® and frequently observed in commercial wheat fields. On the 
other hand, if mycelium produced from the hyaline spores is capable of 
rapid and extensive vegetative development in the soil the above limiting 
factors would be largely overcome. This possibility is under consideration. 

^ BodenMser, H. A., and K. S. Quisenberry. Bunt reaction of some varieties of hard 
red winter wheat. Jour. Amer. Soc. Agron. 30 : 484-492. 1938. 
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Hybridization 

Tbe striking characteristics of dwarf bunt afforded an opportunity for 
' studies of inheritance of ability to produce the characteristic host symptoms, 

' and also of the physiologic and giorphologie characters of the dwarf -hunt 

* fungus in crosses between it and other races of Tillctici tritici and T. levis. 

ft' Inoculations were made to determine whether the dwarf -hunt race would 

in cross with other races. Infection was obtained with 8 combinations of 

|i monosporidial lines of the dwarf -bunt fungus and race 12 of T. tritici, and 

|i,, ; 9 combinations of the dwarf -bunt fungus and race 8 of T. levis. In all of 

ll i«i ; the hybrids, the Fi chlamydospores were reticulate, although the retieula- 

' I tions were less prominent than those of the dwarf -bunt spores. The reticu- 

! / lations on the chlamydospores were more prominent and less variable in size 



Fig. 5. One healthy and 3 bunted plants of Hindi wheat showing different height 
classes obtained in plants inoculated with chlamydospores from a hybrid between T12 
and the dwarf -bunt fungus: A, Healthy,* B, tall; 0, intermediate; B, dwarf. 




tion and recombination of factors f or Teticulation and for smoothness of 
spores. ■ ^ : 

Germination of the Fi ehlamydospores was obtained in 15 of the 17 
hybrids. The viability results were substantiated by those from inocula- 
tions with the Fi ehlamydospores. The 15 hybrids with viable chlamydo- 
spores produced smut on Hindi wheat, whge the 2 hybrids with nonviable 
spores failed to infect it. It wp^d appear from these results that in 
hybrids involving the dwarf-bunt race as one parent, viability of the 
ehlamydospores may be dominant, in some ‘ crosses and recessive in others. 

A limited study of the dwarfing capacity of the hybrids showed no 
definite mode of inheritance for this character. In the Fx generation, the 
8 hybrids with T12 produced 54 smutted plants of which 25 were dwarf 
and 29 tall. The F 2 spores of these hybrids produced 122 smutted plants 
of which 31 were dwarf, 45 tall, and 46 intermediate. The Fi spores of 
the 9 hybrids with L8 produced 88 infected plants of which 51 were dwarf 
and 37 tall. In the F 2 generation, these hybrids produced 60 infected 
plants, of which 10 were dwarf, 41 tall, and 9 intermediate. The behavior 
in the Fi generation of both crosses suggests that the cultures were not 
all homozygous, or that they were not uniform either genetically or in their 
tendency to produce dwarfness. The classification of smutted plants as 
dwarf, intermediate, or tall (Fig. 5) is more or less arbitrary, although the 
plants were separated into the 3 classes rather readily. It would appear 
from these residts that there was segregation of factors for dwarfing. How- 
ever, it must be recognized that plant height and the expression of dwarfness 
may vary considerably, depending both upon environmental factors, and 
upon the uniformity of the bunt cultures. Further studies on segregation 
for this character are being conducted on winter wheats. 


SUMMARY 


The reticulate ehlamydospores of the dwarf-bunt race of Tilletia tritici 
failed to germinate under all laboratory treatments tried, but the smooth, 
hyaline, haploid resting spores, occurring with the reticulate ehlamydo- 
spores, often germinated. 

Monosporidial lines of the dwarf -biint race were obtained by isolating 
sickle-shape, secondary sporidia produced by the hyaline spores. Some of 
the single sporidia produced a haploid type of growth, while others pro- 
duced an apparently dikaryotic type of mycelium, but the former type 
predominated. 

The unisexual nature of the monosporidial lines is indicated by the 
infection obtained with combinations of monosporidial lines and the lack 
of it with individual lines. Infection resulted in host symptoms and 
ehlamydospore characteristics typical of dwarf bunt. 

Hybrids between the dwarf bunt race and race 12 of Tilletia tritici and 
race 9 of T. levis were obtained by inoculating with combinations of mono- 
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sporiclial lines. Evidence was obtained of segregation for clilamydospore 
morpliology and for the dwarfing of the host. 

State College op Washington;, 

Pullman^ Wash. 


ASSOCIATION OP STBRBUM MURRAYI WITH HEART EOT AND 
CANKERS OP LIVING HARDWOODS 

Boss W. Davidson, W. A. Campbell 
AND Holland C. Lorenz 

(Accepted for publication June 17 , 1940) 

INTRODUCTION 

In a recent paper, ''The Genns Stereum in Pennsylvania/’ Overholts 
(8) states that 4 species of the genus are known to be important in decay 
of heartwood of living trees: Stereum frustulosum (Pers.) Pr., S. gmisa- 
patum Pr., S. sanguinolentum Alb. and Schw., and S. stohpileahim B. and 
C. With the exception of S. sulpileatum, which was reported by Long (6), 
in 1915, as causing a heart rot of oaks, the importance of these species as 
heart-rotting fungi in North America has been demonstrated rather recently 
by Pauli and Mounce (5), Roth and Sleeth (10), and Davidson (3). A fifth 
species, S. murrayi (B. and C.) Burt, has been isolated occasionally by the 
writers from the decayed tissue of living hard woods. Lorenz and Chris- 
tensen (7) reported it from the Lake States, and it has also been found in 
Pennsylvania, New York, and the New England States. 

SPECIES ON WHICH STEREUM MURRAYI OCCURRED 

Burt (2) states that Stereum murrayi fruits "on rotting logs and limbs 
of frondose species such as Acer, Betula, Fagus, Quercus and Tilia.^^ Over- 
holts (8) mentions it as occurring on "dead wood of deciduous trees but 
especially common on Betula and Ostrya.^^ The writers observed it fruit- 
ing most frequently on rotting yellow birch {Betula lutea Michaux) logs and 
collected it occasionally on dead trunks or branches of sugar maple {Acer 
saccharum Marshall), apple {Malus malus (L.) Britten), and ironwood 
{Ostrya virginiana (Miller) Koch). Sporophores associated with cankers 
were collected on striped maple {Acer pennsylvanicum L.), beech {Fagus 
grandifolia Ehrhart) and ironwood. The fungus was isolated from the mar- 
gin of a canker on one yellow birch and 15 times from heart rot in merchant- 
able trees of the same species. One isolation was obtained from a canker 
on sugar maple and one from decay in living red maple {Acer ruhrum 'h.). 
Two isolations were obtained from decayed paper birch {Betula papyrifera 
Marshall). Table 1 gives in detail data concerning the various collections 
and isolations of S. murrayi. 

CANKERS ASSOCIATED WITH STEREUM MURRAYI 

Stereum murrayi cankers on living trees (Pig. 1, A to C) were generally 
elongated with depressed centers and swollen margins and were associated 


TABLE 1 . — Bata on various collections and isolations of Stereum murrayi 
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with decay. Such cankers were accompanied by considerable distortion of 
the trunk, which rendered them conspicuous, especially if several occurred on 
the same tree. The fungus, in the few eases observed, entered dead branch 
stubs or injuries and caused cankers by invading the surrounding cambium 
and sapwood. On most of the infected trees additional cankers had formed 
at branch stubs or branch traces by the outward growth of the fungus from 
the decayed heartwood. Sporophores of Stereum developed either 

on the margin of the older cankers or on the central portions of the relatively 
young ones. White masses of mycelium were usually present in the inner 
bark of the young cankers. 

EXTENT AND TYPE OP DECAY 

In most of the Stereum murrayi infected trees the longitudinal extent of 
the decay was not recorded. A cankered beech, 13 in. d.b.h., was dissected 
and found to be decayed 4 feet above and 2-| feet below the cankers, which 
were at heights of 3 and 4 feet from the ground. A cankered striped maple 
(5 in. d.b.h.) was dissected and found decayed from approximately ground 
line to a height of 15 feet. There were 5 well-defined cankers at different 
heights, 2 large ones at 4 feet, and smaller ones at 8, 10, and 12 feet. One 
ironwood had numerous cankers on the trunk and was decayed from the base i 

to approximately 16 feet. Another ironwood with a single large canker was 
decayed approximately 3 feet above and 3 feet below the canker. Decay 
samples from yellow birch, which yielded S. murrayi, were obtained from the 
basal portions in some cases and from the upper trunk region in others. 

The decay, which had a distinctive sweet’’ odor, was usually confined 
to a central cylinder of discolored wood (Fig. 1, D and P) and advanced 
longitudinally much more rapidly in the central part of the discolored area 
than at the outer margins. Ordinarily, Stereum murrayi decay was not 
associated with trunk swellings except where cankers had formed. Advanced 
decay was white or light-brown, but the incipient stages commonly merged 
into the dark-brown of the heartwood or discolored central cylinder. Some- 
times restricted areas or narrow channels of advanced decay were visible in 
areas of otherwise incipient decay but there was no sharp line of demarkation 
between decayed and sound wood. 

STEREUM murrayi IN CULTURE 

is readily obtained in pure culture from both incipient 
and advanced stages of decay in living trees or rotting logs. In this respect 
it differs strikingly from a number of other heart-rotting fungi, such as 
Fames connatus (Weinm.) Gill., which are often inhibited in culture by the 
ever present non-decaying fungi and bacteria. Occasionally, TmtZa ligni- 
perda (Willk.) Sace., one of the most prevalent organisms in red heart of 
birch, was observed growing in the substratum at the edge of the heavy white 
surface mat of >8. murrayi, but usually pure cultures were obtained in spite 
of the slow growth of the fungus. 
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Detailed Descriptions of Cultures 

Tetri-dish Cultures, — Growth very slow, forming in 7 days on 2.5 per cent malt agar 
a chalky white, heavy, compacted, velvety, somewhat appressed mat, 1 cm. or less in 
diameter; margin white, even. 

In 14 days, mat 1.5-2. 0 cm. in diameter at room temperature averaging 26° C. (Fig. 
1, E), compacted, white to cream color, velvety or short cottony, appressed, heavy, at times 
slightly zonate and often with pronounced furrows from margin to inoculum ; margin very 
definite, white, even. 

Hyphae uniformly 2-4 p, in diameter, with clamps; no secondary spores; swollen or 
inflated cells, which correspond to the vescieular cells found in the sporophore, are usually 
present in the cream-color portion about the inoculum. 

Strong positive reaction with tannic acid medium (4). 

Temperature delations. — Optimum temperature for growth approximately 25° C. 
Average diameters of mats in 7 days, in dark, at constant temperatures, as follows: 1.5 
cm. at 20° C.; 2,5 cm. at 25° C.; no growth at 30° C. or above. 

Test-tiibe Cultures, — Owing to the extremely slow rate of growth, the mat in 4 weeks 
is confined to the agar slant and is thick, compacted, white to cream color, often much 
furrowed and ridged. Agar under mat russet-vinaceous to fawn color (10). Odor 
prominent, penetrating, described by Badcock (1) as '^vanilla. 

SUMMARY 

Isolations from decay in living yellow and paper birch showed Stereiim 
murrayi to be one of the heart-rotting fungi occasionally present. Isolations 
were obtained from a canker on yellow birch and one from sugar maple. 
The fungus was isolated also from incipient decay in red maple. Sporo- 
phores were found associated wdth trunk cankers and heart rot of iron wood, 
beech, and striped maple. 

S. murrayi was easily obtained in pure culture from both advanced and 
incipient decay and could be identified by its characteristic slow growth, 
dense white mycelium, distinctive odor and the russet vinaceous to fawn color 
imparted to the agar under the mat. 

8, murrayi apparently enters living trees through dead branch stubs, or 
injuries either near the base or in the upper trunk. Survey of fungi causing 
decay in northern hardwoods is not sufficiently advanced for a definite state- 
ment of the relative importance of S, murrayi as compared with other decay 
species but on some areas in the Lake States where cull studies were initiated 
it was occasionally isolated from heart rot of merchantable yellow birch. 

Bureau of Plant Industry and 
Civilian Conservation Corps, 

United States Department op Agriculture 
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THE EHIZOCTONIA FOOT-EOT OF ANNUAL STOCKS 
(MATTHIOLA INCANA) 

A . W. Dimock 
(A ccepted for publication June 20, 1940) 

Eliizoctoriia foot-rot of annual stocks (Matthiola incana) has long been 
an important source of loss to commercial cut-flower growers in the Eastern 
States. During the past 2 years the writer either has seen the disease or 
received reports of its occurrence in the majority of the New York cut-flower 
establishments in which stocks are grown. Losses may be restricted to a 
small percentage of the total planting, but it is by no means uncommon to 
see 50 per cent or more of a crop destroyed. In spite of its seriousness and 
widespread occurrence, the disease has apparently received little attention 
from pathologists. Peltier (6) briefly noted the occurrence of Ehizoctonia 
damping-off of stock seedlings in commercial greenhouses in 1914, while 
Balfe (4), in 1935, described the disease more fully and offered proof of 
the pathogenicity of Ehizoctonia (Corticium vagttm) . She discussed only 
the seedling phases, however, and did not state whether older plants were 
or were not affected. Other references to the disease include reports of a 
stem rot of stocks in New Jersey attributed to Bhizoctonia solani (1), a root 
rot of stocks caused by Corticium vagum in Mississippi (2), and a Ehizoc- 
tonia foot and stein rot of stocks in New Jersey and California (3). While 
these reports apparently refer to the disease on mature plants, they merely 
record its occurrence and include no descriptive material. 

SYMPTOMS OF FOOT ROT 

Stocks may be affected with foot rot in all stages of development, though 
symptom expression varies considerably with the size of plant involved. 
Small seedlings usually damp off within 2 or 3 days after being set in in- 
fested soil. Slightly larger plants, up to 3 or 4 inches tall, may wilt com- 
pletely, but remain green and erect, even though completely girdled at the 
soil line. Symptoms on such plants bear a marked similarity to those 
described for wire stem of cabbage. When older plants become affected, 
the first symptom is a yellowing of the lower leaves, followed in due course 
by complete wilting of the foliage (Fig. 1). The small leaves in the unfold- 
ing buds of both small and large plants usually take on a bluish hue and 
remain turgid long after the older foliage has wilted. 

Examination of the stems of affected plants reveals the presence of 
girdling lesions at or just below the soil line (Fig. 2). The affected tissues 
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Fm. 1 Ehizootonia foot-rot symptoms on annual stocks. Seedlings set in sterilized 
inoculated January 15; first symptoms January 22; photographed 

turn black and become markedly constricted. Although infection almost 
invariably occurs at the soil line, the entire root system may eventually be 
involved. Quite often lesions are at first restricted to one side of the stem, 
which leads to one-sided development of the plant. Apparently, a toxin is 
ea,rried upward and arrests further activity of the meristematie tissues 
directly above the lesion. 
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etiology of foot rot 

Tissue platings have been made from diseased plants of various sizes 
submitted by growers in many different parts of New York State. Strains 
of Fusarmm and Pythmm were sometimes isolated, but these failed to pro- 
duce any infection whatever in inoculation experiments. More commonly, 
strains of Ehizoctonia were recovered from affected tissues, and these proved 
to be pathogenic in all trials. In the pathogenicity tests the organisms were 
grown in sterilized sand-corn-meal mixture and this was mixed with steril- 
ized soil into which stock seedlings were subsequently transplanted. The 
seedlings in the Ehizoctonia inoculations were completely destroyed in from 
2 to 5 days. 

Other tests were conducted in which Ehizoctonia was grown in steril- 
ized soil in flasks, and the inoculum thus obtained was subsequently dis- 
tributed lightly over the surface of flats of sterilized soil in which stocks 
of various sizes were already established. A light layer of sterilized soil 
was then sprinkled over the inoculum, every effort being made to avoid 
mechanical wounding of the plants. By this method it was demonstrated 
that stocks may remain susceptible to infection until at least 2 months old 
and 6 to 8 inches tall. Such plants showed initial symptoms of infection 
within a week and were often completely wilted in less than 2 weeks (Fig. 1) . 
The age or size limit of susceptibility as well as the degree of tolerance might 
well be affected by any factors, such as light, temperature, soil moisture, etc., 
which would influence the development of either suscept or pathogen. It has 
been noted, however, that the disease is severe under all conditions under 
which glasshouse stocks are commonly grown. 

SPREAD OF pathogen THROUGH SOIL 

Two 14 X 20 X 3 in. flats of steam-sterilized soil and 4 similar flats of 
nonsterilized soil were each planted with 30 stock seedlings. Eight days 
later a tablespoonful of soil-Ehizoctonia inoculum was introduced into the 
soil at one end of both steamed flats and 2 of the unsteamed flats. Eight 
weeks after inoculation most of the plants in the rows at the opposite end of 
all inoculated flats were killed. A total of 58 of the 60 plants in the non- 
sterilized flats and 54 of the 60 plants in the steamed flats succumbed, 
whereas no plants in the cheek flats were affected. This demonstrates the 
ability of the Ehizoctonia to spread through the soil at least 10 inches per 
month in all directions from the point of inoculation. Since stocks are in 
the bench 4 to 5 months before flowering, it follows that all the plants in an 
area 6^ to 8 feet in diameter about a single point of inoculation would be 
liable to infection between planting and cropping if progress of the pathogen 
were not checked. 

INOCULATION OF OTHER CRUCIFERS 

A single attempt was made to infect several other crucifers with the 
Ehizoctonia from stocks. One flat each of Alysstim compactum, A. marir 
tim^iniy Gheiranthus allion% Iheris umbellata and cabbage, as well as a check 
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flat of stocks, were inoculated with soil-Khizoctonia inoculum. The Iheris 
and stock stems were soon girdled at the soil line and the foliage quickly 
wilted. Bhwoctonia was readily recovered from the lesions on the Iheris 
plants in all attempts. The sueeptihility of Iheris sp. to Bliizoctonia has 
previously been noted by Duggar and Stewart (5) and by Peltier (6). Con- 
siderable infection of the leaves and prostrate stems of both species of 
Alyssiim developed and a few of the plants were girdled at the soil line. 
Symptoms were typical of those described by Tilford (7), though he ob- 
served no girdling of the stems at the soil line. Typical wire-stem S 3 uiip- 
toms developed on 3 or 4 of the 30 cabbage seedlings, but no attempt was 
made to reisolate the pathogen from these plants. No infection had devel- 
oped in the flat of Cheirantkus at the time the experiment was discontinued. 

CONTROL RECOMMENDATIONS 

Owing to the wide-spread occurrence of parasitic Bhizodonias in field 
soils and to the serious nature of foot rot, once it becomes established in a 
planting, it is strongly recommended that all soils be sterilized before plant- 
ing to stocks. The advisability of this precaution is borne out by the fact 
that there are few, if any, eastern growers who have not at one time or 
another incurred serious losses due to foot rot ; indeed, maii}^ growers ex- 
perience such losses annually. Complete control has been obtained in our 
experiments when heavily infested soil was either steam-sterilized or treated 
with chloropicrin at the rate of 10 cc. per cubic foot of soil. Losses in 
unsterilized cheek flats were consistently 100 per cent. 

Growers have reported excellent results in checking the spread of foot 
rot in unsterilized soil by immediately removing infected individuals and 
drenching the surrounding soil with Cuprocide 54 (cuprous oxide) at the 
rate of 1 oz. to 2 gal. of water. This treatment failed to give satisfactory con- 
trol in our tests, however, and resulted in considerable injury to the healthy 
plants. 

SUMMARY 

A serious foot rot of stocks (Matthiola incand), characterized by girdling 
of the stem at the soil line and complete wilting of the foliage, is prevalent 
in eastern cut-flower establishments. Inoculation experiments have proved 
that foot rot is caused by one or more strains of BMzodonia. Infection 
occurs at or just below the soil line, though the entire root system ma}^ 
eventually be involved. Plants up to at least 2 months old are 'susceptible 
to infection. The pathogen may spread through the soil at the rate of 
approximately 10 in. per month. Alyssum compachcm, A. maritimimi, and 
Iheris umhellata were found to be susceptible to BMzodonia from stocks. 
Control of foot rot was obtained by sterilizing heavily infested soil with 
either steam or chloropicrin. 

Department OP Plant Pathology 
Cornell IJniversity 
Ithaca, New York 
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PHYTOPATHOLOGICAL NOTES 

The Growth of Fusarium oxysporimi ciihense in the SoiL — The commer- 
cial banana (Gros Michel) has been ravaged by Panama disease in many of 
the important banana-growing areas. The great variation in the rate of 
spread of the organism has been attributed to soil conditions. This study 
has been carried out to determine the rate of growth of Fnsarium oxysporum 
Schl. var. culense (E.F. Sm.) Wr. and Rg. in the soil. 

The growth of Fnsarium oxysporum cubense on the surface of soils of 
different texture was observed. Three soils were employed : one, a modified 
greenhouse compost j the next a mixture of equal parts coarse river sand and 
greenhouse compost; and a third, a clay subsoil. The soil was distributed 
evenly in long glass tubes, saturated, autoclaved, and inoculated with a 
single-spore culture. In table 1 the greenhouse compost produced a growth 
of mycelium that at times grew twice as fast as that on the clay. The total 
growth for the greenhouse compost was 19.7 cm. in 42 days, or a daily aver- 
age of 0.47 cm. and the clay 12.4 cm. in 42 days, or a daily average of 0.3 cm. 
The greenhouse compost averaged 0.38 cm. per day the first 12 days, while 
during the last 9 days it averaged 0.51 cm. The variation in the clay was 
less than in the greenhouse compost. 

A number of soils was collected for a study of the penetration of the 
organism into soils of various texture. The soils under consideration may 
be divided into 2 groups : The first, loam, silt loam, and silty clay loam, tend 
to hold back the growth of the organism; while the second group, sandy 
loam, fine sandy loam, and coarse sandy loam favored the growth of the 
pathogen. The results are presented in table 2. In the first group the 
average growth for 3 tubes in the 8-day period ranged from 2.46 cm. to 2.96 
cm., with a daily average growth of 0.3 cm. to 0.37 cm. In the second group 
the sandy loams produced in the same period an average growth of 4.03 cm. 
to 4.2 cm., with a daily average of 0.5 cm. to 0.52 cm. This agrees with 
Eeinking,’^ who, by the plate method, found in soil population around dis- 

1 Eeinking, O. A. Parasitic and other fusaria counted in Costa Eica and Panama 
soils. Centralbl. f. Bakt. II. Abt. 90: 4-17. 1934. 




92 


Phytopathology 


[VoL. 31 


TABLE 1. — Average daily growth^ in centimeters, of Ftisarium oxysporum var, culense 
over different periods on different soils. 1. Average for each period. Average for 
first SS days. 3. Average for last 30 days. 4. Average for 4^ days 


A. Greenhouse compost 


1. Average for each period 

0.38 

0.44 

0.60 

0.51 

2. Average for first 33 days 

0.46 1 

3. Average for last 30 days 

j 

0.50 1 

4. Average for 42 days 

1 0.47 1 

B. Greenhouse compost and river sand 

1. Average for each period 

0.33 



0.39 

2. Average for first 33 days 

j 0.35 1 

3. Average for last 30 days 

1 

0.37 1 

4. Average for 42 days 

1 0.36 1 


C. Clay subsoil 



1. Average for each period 

0.27 


0.24 

2. Average for first 33 days 

! “ f 

3. Average for last 30 days 


[ 0.30 1 

4. Average for 42 days 

j 0.30 1 

1 11 i 1 


i I I 1 i 

0 12 days 25 days 33 days 42 


eased banana plants that soils of light texture contained more Ftcsarium 
oxysporum var. cubense than did clay soils. 


TABLE 2. — Fate of penetration of Fusarium oxysporum var. ciibense in thirteen 
different soils 




Growth in centimeters 


Soil type 


After 8 days 


Daily 


Tube 1 

Tube 2 

Tube 3 

Average 

average 

Loam 

2.5 

2.5 

3.3 

2.7 

0.34 

Silt loam (A) 

2.7 

2.5 

2.6 

2.6 

0.32 

Silt loam (B) ,.... 

2.7 

3.1 

2.7 

2.83 

1 0.35 

Silt loam (0) ...; 

2.8 

2.4 

2.2 

2.46 

1 0.3 

Silt loam (D) 

2.7 

2.9 

2.8 

2.8 

1 0.35 

Silty clay loam '(A) 

2.8 

2.4 

2.3 

2.5 

0.31 

Silty clay loam (B) 

3.1 

3.1 

2.7 

2.96 

0.37 

Fine sandy loam 

4.4 

4.1 

3.6 

4.03 

0.5 

Coarse sandy loam (A) 

4.5 

3.9 

4.2 

4.2 

0.52 

Coarse sandy loam (B) 

4.3 

3.7 

4.3 

4.1 

0.51 

Clay subsoil 

2.9 

2.8 

3.7 

3.13 

0.39 

Greenhouse compost 

3.8 

4.0 

4.0 

3.93 

0.49 

Eiver sand 

3.9 

3.1 

3.4 

3.46 i 

0.43 




The organism was grown in greenhouse compost in 3 different experi- 
ments under similar conditions of light and temperatnre. Although there 
was considerable variation in daily growth, the organism penetrated the soil 
5.0 cm. at about the same rate as it spread on the surface. 

The daily average surface spread ranged from 0.24 cm. to 0.60 cm., while 
the penetration ranged from 0.3 cm. to 0.52 cm. — Clifford H. Meredith, 
Glenleigh Laboratory, Highgate P. 0., Jamaica, B.W.I. 


Infection with Pure Cultures of Clitocyhe taloescens, — root-rot disease 
of pear and tung trees has been under investigation during the past several 
years. Glitocyhe tabescens (Scop.) Bres. has been found constantly asso- 
ciated with the disease, and has been repeatedly isolated from affected trees. 
Bepeated inoculations of pear and tung trees of varying ages with pure 
cultures of the fungus, made during the period between 1932 and 1937, failed 
to produce infection. Rhoads’- also has been unable to obtain infection with 
pure cultures of the fungus, although he has succeeded in infecting two 
Australian pine trees by using pieces of infected roots from another tree as 
inoculum. He does not state what medium he used as his pure-culture 
inoculum. In our early inoculations the inoculum consisted of pure cultures 
of the fungus on agar or on autoclaved beanpods. It was noted that this 
type of inoculum was attacked and disintegrated by various soil-inhabiting 
saprophytes in a relatively short time (10-15 days), and it was thought that 
the failure to obtain infection might be due to the destruction of the inoculum 
before the fungus could invade the root. Even in culture, Glitocybe makes 
a very slow initial growth, a week to 10 days often elapsing before a transfer 
begins to grow, although growth is fairly rapid after it commences. It was 
decided, therefore, to find an inoculum medium that would persist in the soil 
for a long time. 

In recent years a method of inoculation has been used that has given 
more satisfactory results. The fungus is grown on autoclaved thick pieces 
of tung or pear wood in -J-gal. jars. A spoonful of cornmeal and about 250 
ec. of water are added to each jar before autoclaving. The fungus makes a 
very luxurious growth on this medium, and, in about 4-6 weeks, the wood 
becomes permeated with mycelium, and rhizomorphs are produced in abun- 
dance. This method is similar to that used by Thomas^ in his studies on 
Armillaria mellea. 

On September 28, 1937, 4 old (8-year-old) and 8 young (planted in 
February, 1937) pear trees, variety Pineapple, were inoculated below 
ground on one or more of their main roots and at the base of the trunks, 
using the above described inoculum. The tissue was wounded af the point 
of inoculation. On February 8, 1938, six additional young trees were 
similarly inoculated. 

1 Rhoads, A. 8. Clitoeybe mushroom rot of eitims trees and other woody plants in 
Florida. Fla. Agr. Exp. Stat. Ann. Rept. 1932-33: 120-121; 1933-34: 76; 1934-35: 91; 
1936-37: 99; 1937-38: 116-117. 

2 Thomas, Harold E. Studies on Armillaria mellea (Vahl.) Quel.; Infection, para' 
sitism, and host resistance. Jour. Agr. Res. [U.S.] 48: 187-218. 1934. 
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Oa May 17, 1938, one of the young trees inoculated on September 27, 
1937, was found wilting and its foliage a pale green. The tree was dug up 
and examined. The main roots and also the trunk from the crown to about 
12 inches above-ground were dead. White plaques of rhizomorphs w’-ere 
present between the wood and the bark and between layers of the hark. The 
inoculum pieces were still relatively intact (Pig. 1). The fungus was iso- 
lated both from the tree and the inoculum. 



Fia. 1. Young pear tree killed as a result of inoculation with Clitoeyhe tabesoens and 
inoculum piece. Note the white mats of mycelium under the bark of both the tree and 
the inoculum piece. 

On April 16, 1940, one of the 6 trees inoculated on February 8, 1938, was 
found dying with typical symptoms. In this case, a rhizomorphic strand was 
found connecting the inoenlnm piece with the tap root at the base of the. 
trunk. The fungus was again reisolated from both the tree and the inoculxim 
pieces. 

Two of the 4 old trees, inoculated on September 28, 1937, were blown 
down by a windstorm on March 29, 1940. These trees were showing no 
symptoms on their aboveground parts, but, when dug iip and examined, both 
were fonnd infected. One of the trees had a large lesion, about 8 inches 
long and more than half way around, on one of its main roots, and 2 other 
lesions on the trunk just above the junction of the main roots. One of the 
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trunk lesions was about 10 inches long by 4 inches wide and about i inch 
deep. The other tree bore 2 similar lesions on its trunk, but no root lesions. 
The inoculum pieces were present and intact, except for 1 piece that was 
riddled by termites, and the fungus was reisolated from them. There is now 
indication that some of the other inoculated trees are infected, though definite 
aboveground symptoms are still absent. The underground parts of these 
trees have not been examined. 

This is the first time, as far as the writer is aware, that infection was 
obtained from pnre-cnltnre inoculations with CAitocyle tahescens.—A, G. 
Plakidas, Louisiana AgTicultural Experiment Station, University, La. 


Algal Leaf and Fruit Spot of Guava , — The alga, Gephaleuros virescens 
Kunze (C. my coidea Karst.), occurs on a wide range of plants in southern 
Florida. Nineteen species were listed as its hosts in the vicinity of Home- 
stead, Florida, in 1936.^ Twenty-five additional hosts have been found since 
then, and a complete list for the region probably would exceed 50 species. 

Gephaleuros virescens occurs as a simple epiphyte on the leaves of many 
of its host plants, where its presence causes little or no damage. On several 
plants of economic importance, however, the alga may become more or less 
parasitic and cause injurious effects. For the most part injury attributable 
to its parasitism is the result of twig or bark infection. Stunting, even death, 
of small branches may follow severe infection on some hosts, particularly if 
the plants have been previously weakened by unfavorable growth conditions 
or other agencies. As a rule the fruits of host plants in southern Florida 
escape infection. Winston^ recently described a rather rare fruit blemish 
on the orange, caused by G. virescens, and a similar fruit blemish has been 
observed infrequently by the writer on unsprayed fruits of the avocado. 

The parasitism of Gephaleurus virescens to the common guava (Psidium 
guajava L.) is, therefore, of special interest. Twig and bark infections are 
of little or no consequence on this species in southern Florida, but the leaves 
and fruits frequently are severely attacked. Some seedlings or varieties 
are decidedly more susceptible to infection than others. A large-fruit 
Peruvian variety recently introduced into Florida is especially subject to 
attack. Partial defoliation may occur and the fruits may be severely blem- 
ished unless protective sprays are applied. 

Foliar spots vary from mere specks up to 8 mm. in diameter. They may 
be numerous or few, crowded or scattered, and may occupy any portion of 
the leaf. They are roughly circular with irregular borders (Fig. 1) ; red- 
dish-brown to reddish-purple at first, sometimes becoming a rusty brown with 
reddish margins. Penetration of the leaf blade is complete ; affected cells 
eventually die. The rusty-red fructifications of the alga generally are con- 
fined to the lower surface of the spot. They begin to appear about April 1, 
but are found in greatest quantity from May to August, when they become 
progressively less evident until, by October, they are difficult to find. 

1 RueMe, Geo. D, An epiphytotic of alga spot in Soutli Florida. TJ. S. Dept. Agr. 
Bur. Plant Indus. Plant Dis.Rptr. 20: 221-222. 1936. 

2 'Winston, J. R. Algal fruit spot of orange. Phytopath. 28: 283-286. 1938. 
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Tlie blemishes produced on the fruit are quite similar to the algal spot 
on orange fruit, as described by Winston. Individual fruit blemishes are 
smaller than the foliar spots, seldom exceeding 2 ram. and mostly less than 
1 mm. ill diameter. They are a dark greenish-brown to almost black, and 
are slightly raised, with irregular, dendritically lobed margins. Infections 
apparently may take place at any time up to maturity. Cracks frequently 
develop in older blemi.shes as a result of enlargement of the fruit. Pene- 
tration of the fruit is confined to several layers of cells beneath the epidermis. 
Pruetificatiou of the alga are seldom seen on the surface of the fruit blemishes. 


Fig. 1. Leaves and fruits of guava showing spots caused by Cephaleuros mrescens 
Kunze. 

Infections are more numerous on leaves and fruits developing close to the 
grorrnd than on those forming at higher levels. Close planting apparently 
favors the development of the disease. 

Spraying with a copper fungicide every 3 to 4 weeks throughout the 
rainy season has given good control in tests of one season. Either Bordeaux 
mixture 3-3-100 or its fungicidal equivalent in one of the “neutral” or 
“fixed” coppers has proved effective. Sulphur sprays, applied on the same 
dates, gave little reduction of infection.— Geo. D. Ruehle, Sub-tropical Ex- 
periment Station, Homestead, Florida. 
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(jOfi%di(il P 7 odticttoi'i in Cidticf’c, ])y (JcTcospoTCL Thicoticmacd — sp6ciGS 
of CerC(95296>ra produce conidia in culture only sparingly or not at all. HilP 
lias reported tliat lie has not observed conidia in singie-spore cultures of 
CsTcospoTd mcoticiTicie E. and E. grown on several types of media, including 
potato-dextrose agar and plain tobacco agar. 

In our studies it is desirable to have an abundant supply of spores of 
Cercospora nicotianae to make inoculations. Therefore, we attempted to 
induce sporulation in culture. Recently a number of isolations of C. 
nicotianae were made from tobacco frogeye spots. Most of these isolates 
produced conidiophores and conidia on plain tobacco agar.^ 

Between February 5, 1940, and March 14, 1940, 88 insolates were obtained 
from cured tobacco leaves. After isolation they were transferred to potato- 
dextrose agar slants, and retransferred March 19, 1940. The subcultures 
were incubated at laboratory temperature 3 days and stored at 4° C, until 
May 1, 1940. Spores were not seen. 

On May 1, 1940, a new lot of tobacco agar was prepared. Six hundred 
g. of yellow and green leaves were used, from the lower quarter of Burley 
plants growing in a greenhouse ground bench. The plants were just begin- 
ning to bloom. The leaves were ground in a food chopper, placed in 2 1. of 
distilled water, and steamed in an autoclave 1 hr. without pressure. Sixty 
grams of agar was dissolved in a liter of distilled water and added to the leaf 
decoction. The mixture was strained through cheesecloth and a pad of 
cotton, then autoclaved. Plates were poured. While the agar was still soft, 
inoculum from potato-dextrose agar slants, seeded March 19, 1940, was stirred 
into the agar. The plates were incubated at 27° C. in a chamber without 
light. 

Twenty-seven isolates were tested. By May 3 numerous colonies were 
visible on all plates. By May 4 most of the cultures were forming conidia. 
On May 6, conidiophores and conidia were being produced by 26 of the 27 
cultures. 

An additional group of 61 isolates was tested on tobacco agar plates May 
7, 1940. By May 11 most of these were producing spores. By May 14, 60 of 
the 61 cultures were sporulating. In addition, 2 cultures isolated August 31, 
1938, were tested. Both produced spores. One culture, isolated January 
16, 1938, did not sporulate. 

There was considerable variation in the amount of sporulation among the 
different isolates ; some produced conidiophores and conidia profusely, others 
less abundantly, some sparingly, and 3 not at all. The spores produced in 
culture were similar in shape and size to those produced on natural frogeye 
leaf spots. The conidiophores, however, were much longer and straight er, 
with geniculations farther apart, than on conidiophores produced on leaves. 

1 The investigation reported in this paper is in connection -with a project of the Ken- 
tucky Agricultural Experiment Station, and is published by permission of the Director. 

2 Hill, A. V. Cercospora leaf spot (Frogeye) of tobacco in Queensland, Common- 
wealth of Australia. Council for Scientific and Industrial Research. Bull. 98. 1936. 

3 Dr. T. C. Ryker suggested to the writers that low carbohydrate media be tried, to 
produce sporulation. 
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This difference may have been caused by the high hnniidity in the Petri 
dishes. On agar, conidiophores nsnally were produced singly, directly 
from prostrate hyphae rather than in groups from sclerotial knots, as they 
are on leaf tissue. Typical frogeye spots have developed on tobacco leaves 
atomized with spores produced on the tobacco agar. It was observed that 
after spores are harvested from a plate by washing the surface of the agar, 
new spores may be produced within a few days. — Stephen Diachun and W. 
D. Valleau,, Kentucky Agricultural Experiment Station, Lexington, Ken- 
tucky. 


BOOK EEVIBWS 

Walker, John Charles. Diseases of Vegetadle Crops, first revision, 67 pp. (Pox* sale by 
author, $1.75.) Edwards Brothers, Ine., Ann Arbor, Michigan, 1939. 

The revised edition of this useful manual is but little changed in scope and size from 
the original 1936 edition. The revision is welcomed, however, since some 30 additional 
diseases are listed, significant new findings are noted, and the literature lists that follow 
the account of each disease have been reedited and brought down to date. 

About the size of the ordinary laboratory notebook, the manual is photolithograplied 
in double-column format from well-prepared typewritten copy. It has a heavy, tough 
paper cover, and is so bound as to permit it to lie open and fiat at any page. The text is 
confined to one side of the page, leaving the opposite side free for inserting additional 
notes or references. There are no illustrations. 

Under the chief types of garden vegetables grown in the United States, including 
white (Irish) potato and sweet potato, more than 375 distinct diseases are listed. The 
major diseases are briefly discussed under the following headings: hosts, history, occur- 
rence, causal organism and its life history, pathological histology, environmental relations, 
varietal resistance, and control. Pertinent facts are given relating to the production, 
culture, and marketing of many of the crops. The information about each host and 
disease is carefully chosen and is formulated in a particularly clear and concise manner. 
The author has not attempted complete bibliography but has spared others time and 
efiort by selecting with critical judgment some of the more comprehensive and significant 
contributions on each disease, not overlooking those that contain important literature lists. 
There is an alphabetical index, arranged according to the common name of the host plant, 
under which the diseases are listed by common name. Diseases induced by nutritional 
unbalance, viruses, and insect toxins are included along with those caused by fungi, bac- 
teria, nematodes, etc. 

The text has been prepared with care and discrimination by an author who is recog- 
nized as an authority on vegetable diseases, having been engaged for many years in active 
and fruitful research and instruction in this field at the University of Wisconsin, where he 
has been connected with the State Agricultural Experiment Station and the U. S. Depart- 
ment of Agriculture. 

This compact, systematically organized, timesaving reference work will continue to 
prove useful to advanced students, investigators, college instructors, extension workers and 
inspectors concerned with vegetable diseases. Many agricultural advisers and teachers 
of vocational agriculture located in truck-crop -producing ai'eas will doubtless also find the 
work helpfuL— Howard P. Barss, Office of Experiment Stations, U. S. Department of 
Agriculture, Washington, D. 0. 

Leach, J. G. Insect Transmission of Plant Diseases, 615 p., 238 fig. $6.00. McGraw- 
Hill Book Company, Ine. New York and London. 

This book probably will become a phytopathological milestone. For a first edition 
and the first comprehensive treatise on the subject, it is remarkably mature. Enjoyable 
reading, it should be valuable literature for all pathologists and entomologists, many 
other biologists, and some laymen. The general implications of most of the experimental 
data are well thought out and correlated with other phenomena. The author has acquired 
a viewpoint that suggests interesting lines of research leading from the present meagre 
data on many insect-pathogen relationships. The reader inclined to research can hardly 
fail to acquire a similar outlook and be stimulated to reinvestigate some of the nroblems 
scarcely disclosed at present. 

Leach does not confine himself to a bare outline of the insect transmission of plant 
diseases. Proeeediug^^^^^ appreciation of the ignorance of the plant pathologist 

in this held, he introduces and discusses many pertinent subjects that help to elucidate 
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the problem. The discussion of these related topics is one of the most valuable features 
of the booh. The only one of these subjects that seems dispensable is the short dis- 
cussion on insect-catching plants, which, although interesting, seems rather tenuously 
related to the main theme. 

In the introduction, the author presents a bold and vigorous discussion of the causes 
for the neglect from which the insect transmission of plant diseases has suffered. In- 
cluded among these are the early and inevitable domination of plant pathology by my- 
cology, the restricted viewpoint of both the plant pathologist and the entomologist, and 
the difficulties in the way of cooperation between scientists of the two branches. Among 
other recommendations, the author suggests the training of some students in the tech- 
niques and knowledge necessary for the solution of problems in these insect-pathogen 
relationships* 

The principal sections of the book deal with insect transmission of bacteria, fungi, 
viruses, and protozoa that cause plant disease. Each of the pathogenic groups is dealt 
with exhaustively, the better understood eases being presented in detail. Diseases caused 
by insect toxins, such as psyllid yellows of potato, are treated in a separate group. The 
anatomy and physiology of insects and plants in relation to the functioning of vectors 
are dealt with in separate and informative chapters. Feeding and breeding habits and 
their bearing on transmission receive special consideration. Indeed, many interrelation- 
ships of plants and insects are discussed, including the subject of insect pollination. The 
mutual advantage inherent in insect pollination has a direct and important significance 
in understanding a distinctive characteristic of the book — ^the emphasis on mutual benefits 
of many insect-pathogen combinations. The author points out such beneficial associations 
throughout the book and devotes a chapter to symbiosis between insects and micro- 
organisms. Mutual benefits not at once apparent have been definitely established in many 
cases. In other instances, although experimental confirmation is lacking, the author ^s 
reasoning should stimulate investigators to test the suggestions of mutual advantage. 
Although Leach does not point out any eases in which the insect carrier is detrimentally 
affected, either directly or indirectly, by the service it performs for the pathogen, one 
would expect such cases to exist. At least, where cultivated plants have been exposed 
to new insect -pathogen combinations, the insect might be indirectly affected if the 
pathogen were very destructive to the plant. 

Other features of the book are chapters on insect transmission of animal diseases, 
transmission by mites, nematodes, and other small animals, kinds of inocula transferred, 
techniques used in insect transmission studies, an appendix summarizing in table form 
the detailed significant facts about insect transmission of plant diseases, and a complete 
glossary of the terms employed. The book is liberally supplied with well-chosen illus- 
trations. 

There are, naturally, a few errors and omissions of important facts. Among these 
may be noted the following. The author mentions only Davis, Frobisher, and Lloyd’s 
earlier negative results on multiplication of yellow-fever virus in the mosquito, but, in 
1937, Whitman presented convincing evidence that this virus does multiply in its insect 
carrier. The author fails to consid^er multiplication in the insect as a possible factor 
in the incubation period in vectors. It has been pointed out to the reviewer that the flea 
is now known to be a vector of endemic typhus in rats so that the louse, mentioned as the 
sole vector, must be demoted from this exclusive position. In the section on agents of 
virus dissemination, the possibility of transmission by parasitic higher plants is not 
mentioned, although such transmission has recently been demonstrated by Bennett. 
Such faults are trivial when considered in relation to the vast amount of information that 
has been compressed and correlated in this publication.— L. M, Black, Department of 
Animal and Plant Pathology, The Eockefeller Institute for Medical Research, Princeton, 
New Jersey. 

GENArx, Charles M. and John G. Kuenzel. Defects which ^Reduce Quality and Yield 
of Oah-hichory Stands in Southeastern Iowa. Agr. Exp. Stat. Iowa State Col- 
lege of Agriculture, and Mechanic Arts. Research Bull. 269 : 409-444, illus., 1939. 
This bulletin focuses attention on timber defects in a region that has received scant 
attention in this regard, and where the small proportion of woodland to agricultural land 
puts a premium on wood values. The study was concentrated in young stands in the 
southeastern corner of Iowa, where all but a small percentage of the trees were under 
10 inches in diameter. Over 700 trees on 12 sample plots were dissected. 

The defects encountered were classified as decay from fire sears, butt rot, branch-stub 
defects, insect defects, and miscellaneous. The miscellaneous defects included such as 
were caused from logging, frost cracks, ice, etc. Decay and other defective wood were 
measured in cubic feet and expressed both as cull volume and as percentage of total 
volume defective. The percentage defect was computed separately, by defect type, for 
each of 4 diameter classes. The defect percentages ranged from 5.2 to 8.5 among the 
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diameter classes^ with no apparent trend, except in the case of white oak, where the 
defect percentage decreased consistently with diameter. 

Since only 8 per cent of the trees had fire scars, healed or open, the cull from this 
source was small. There was also very little cull, (about 1 per cent) from decay that 
entered sprouts from the parent stump, although there had been quite a fair percentage 
of such transmissions cases. There was a small percentage of cull from branch stubs. 
The bulk of the defects were from insects and miscellaneous sources. 

A higher proportion of the defects w^ere not visible than w^ere visible in tlie standing 
tree. It is pointed out that this is a limitation in estimating defects. Decay had spread 
considerably farther behind open branch stubs than closed stubs of similar size. 

Of the 17 fungi isolated from decaying trees Stereim gatisapaPmn was by far the 
most common, being responsible for the decay in 23 out of 26 butt-rot isolations, 1 out 
of 17 branch-stub isolations, and 2 out of 12 other isolations. Foria a7idersonH was re- 
covered from 4 of the 17 branch-stub -decay isolations. No other fungus was outstanding 
in frequency of occurrence. 

Primary wood borer activity, in sound wood, wms very common in the oaks and 
hickories. Other insects were associated with wounds and decayed wood. A list of 
insects collected is given. 

Since the trees studied were largely below saw-timber size, cubic measure had to be 
used. In scaling defects in saw-log trees, cubic measure will always give a much low'er 
percentage of cull than board-foot measure, since it does not take into account the waste 
in sound wood in cutting out defects. The unavoidable use of cubic measure in the 
present ease tends to make the losses seem much smaller than they would be w’ere the 
same defects present in larger trees. 

The bulletin gives a thorough introduction to the subject of the misuse of forest 
land in southeastern Iowa leading to defective timber. The data are well p)resented and 
the bulletin is adequately illustrated. — George H. Hefting, Division of Forest Pathology, 
Bureau of Plant Industry, U. S. Dept, of Agriculture, Asheville, N. C. 

Perotti, Benata. Biologia Vegetale Applieata alV Agricolt ura. Ill, Micologia — 

Malattia Parassitarie. (Plant Biology Applied to Agriculture. 111. Mycology 
— Parasitic Diseases). Bosenburg and Sellier. (Turin) 2nd Ed. 1940. 

The work of 1190 pages here reviewed is one of a set of five volumes. The remain- 
ing four cover nonparasitic diseases, bacteriology, soil bacteriology, and microbiology in 
the industries, and technique. A preliminary section of the chapters dealing with para- 
sitic diseases includes the taxonomy, morphology, and physiology of the organisms dis- 
cussed in the chapter. The individual diseases are discussed in the following order: 
history, symptoms, etiology, host-parasite relationship, conditions favoring infection, and 
control. 

A general review of the nature of parasitic diseases is presented in the first chapter. 
Neoplastic bacterial diseases of olive, grape, conifers, oleander, punice, xieaeli, and potato 
are covered in Chapter 2. Chapter 3 reviews crown gall (including E. F. Smith ■ s work) , 
and other gall diseases, as well as the morphology of galls. The various theories ad- 
vanced as to the cause of hypoplasias, hyperplasias, and hypertrophies, as -well as the 
pathological anatomy involved, are discussed in the fourth chaiiter. The bacteria causing 
necroses are treated in Chapter 5, the principal references cited being the publications 
of E. F. Smith et al. A 22-page key of phytopathogenic bacteria, which follows the old 
classification, is also included in this chapter. 

Viroses are discussed in Chapter 6 under the title Diseases caused by ultra- 
microbes.^^ The American work up to 1937 (Stanley et al.) is included as well as the 
earlier wnrk on peach yellows and rosette. Chapter 7 relates to diseases caused by 
inyxomycetes. Club root of crucifers (Plasmodiophora hrassicae) and powderv scab of 
potatoes (Spongospora sulterranea) are included in this group. Chapter 8 treats with 
the morphology, cytology, and physiology of fungi, and Chapter 9 discusses reproduction 
and taxonomy of fungi. 

Chapters 10 to 28 deal with diseases caused by specific groups of fungi, commencing 
with the lower forms, through the aseomycetes and basidiomycetes and finally to the fungi 
imperfect!. Considering the large number of fungi and diseases covered, these chapters 
appear to be well-handled. Chapter 29 includes diseases, caused by algae, lichens, and 
dodder. The last chapter reviews the problem of immunity in plants in considerable 
detail. In addition, general control measures also are discussed, with particular attentioii 
given to the use of a number of proprietary fungicides. 

Dr. Perotti has combined a pod course in mycology with problems of interest to the 
plant patholopst. Considering its wide scope, the book is, in most instances, a compre- 
hensive compilation of the more important papers published in the field of mveologY and 
plant pathology. A few very obvious omissions occasionally occur, however*' despite its 
rather complete coverage. For example, in the treatment of the Dutch elm 'disease, not 
a single American publication is , cited. Considering the large number of worthy publi- 
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cations bj" American investigators, this oversight is inexcusable. Tlie nomenclature does 
not conform in many instances to that in common current use among American investi- 
gators. There sliouid, however, be no difficulty in determining the specific disease under 
discussion. 

For obvious reasons Italian investigators are cited most often. Numerous references 
are inserted as footnotes throughout the book, and more than 400 drawings and photo- 
graphs, including an excellent color plate of 4 common cereal rusts, all help to enhance 
the value of the book. Three indices (authors,^ geographical, and subject matter) also 
help to make the book more usable. 

Its preparation doubtless involved years of reading and thought • and, despite the 
few criticisms mentioned above, I believe Dr. Perotti’s present volume is the best and 
most complete Italian work combining mycology and plant pathology, that has yet been 
published. Unfortunately, the lack of a good Italiaii-English botanical dictionary will 
limit its use among American mycologists and plant pathologists. — P. P. Pirone, New 
Jersey Agricultural Experiment Station, New Brunswick, N. J. 



PATHOGENIC AND CULTURAL VARIATION AMONG 
SINGLE-SPORE ISOLATES FROM STRAINS 
OP THE TOMATO-WILT FUSARIUM ^ 


Frederick L . Wellman and Dorothy J . B l a i S: d e l l 
(Accepted for publication July 2, 1940) 

Fiimrimn bidbigemim A^ar. lyeopersici (Brnshi) Wr. and R. is a vascular 
parasite, the cause of the conmion, widely distributed, and important 
Fusarium wilt of tomato. In connection with the breeding of wilt-resistant 
tomato A^arieties, detailed studies by the writers (10, 11) on the Amriability of 
the causal organism revealed a wide range of cultural and pathogenic charac- 
ters among isolates that were then grouped into 5 diiferent classes. 

The work reported in this paper^ deals with; 1. Range of cultural 
Amriability and relatwe stability in strains.^ 2. Direction of change in the 
cultural character and in the pathogenicity of Amriable strains as revealed 
by their monoconidial isolates. 3. Isolation of strains markedly different 
from that of their original form, through use of variants found among single- 
spore isolates. 4. The possible existence of a basic culture type, or class, 
from which all other strain classes might arise. 

These studies corroborate certain phases of the findings of others on other 
fusaria, such as those of Leonian (5), Bide (2), Ullstrup (8), and Snyder 
(7), and further suggest some explanations of difficulties experienced in 
tests of strain pathogenicity in and host resistance to the tomato-wilt 
Fusarium. In the instance of Edgerton and Moreland (1) appressed darker- 
colored Fusariimi isolates from Avilted tomato plants were discarded as 
atypical for the causal organism. It is possible that in studies on other 
fusaria, both in mycological and pathological connections, variants may 
have been treated as eontaminants. 

The results of studies at this laboratory on the Amriability of the tomato 
Fiisarmm been of very practical value. This may be seen in recent 
work just completed by Porte and Wellman (6) in the breeding and select- 
ing of tomato varieties that are more highly resistant to wilt than tolerant 
varieties, like Marglobe and Rutgers. Other activity along these lines is still 
in progress. 

METHODS AND MATERIALS 

The strains designated in the present paper are the same as those 
described in the previous report (11). Having already been studied as to 
cultural and pathogenic characters, they were selected as particularly 
suitable parent material for studies in variability. In some instances certain 

1 The writers wish to acknowledge the assistance of E. C. Tatman on statistical 
analyses. 

2 The Avord ^ ^strain ^ ? refers to single-spore isolates from selections of fungus material. 
These were called J ^ selections ^ ^ in a recently published paper (11) although referred to as 

strains^’ in a prior abstract (10). The latter term is used for convenience and does not 
imply basic and invariable specialization, similar, for example, to the physiologic strains 
in rust fungi. 
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single-spore isolates from ''parent'' cultures were used as sources of further- 
extensive single-spore studies. The cultures from single-spore isolates from 
a "parent" culture were considered as the "first generation." Cultures 
from single spores isolated from "first-generation" cultures were considered 
as the "second generation/' and so on. Under ordinary conditions it re- 
quired about 2 weeks to isolate and grow each culture generation sufficiently 
to be able to classify it dependably. Sometimes a slightly longer period was 
required, especially with the cultures that produced the larger amounts of 
aerial mycelium. 

All culturing was done on 3 media described elsewhere (11), potato- 
dextrose, Tochinai, and Leonian agars.^ Growth was most i^apid and could 
be best classified on the potato and Leonian agai*s. All inocula for testing 
pathogenic effects were gTown in Tochinai liquid in a standard manner (9). 
Single-spore isolations were made 1. through the use of a micronianipulator, 
and 2. by spreading spore dilutions on hardened agar plates and transferring 
them to other agar plates when single, newly germinated spores could be 
selected with certainty. In a few cases 2 to 4 single-spore isolates were 
transferred to a single agar plate to determine cultui’e classes, but generally 
only one isolate was grown on a plate. No reisolations of any sort were ever 
made from plates on which more than one colony was growing. 

Cultures were classified according to the macroscopic appearance of the 
colonies and in compliance with criteria already discussed in detail (11). 
Briefly described, these culture classes or types (Pig. 1) are: Fully raised 
(R), abundant and fine, woolly, light-color, aerial growth with reticulate 
surface, mat on agar surface easily cut; raised sclerotial (RS), light-color, 
fine woolly to slightly coarse, cottony, aerial growth with irregular tufts and 
mycelial clumps over the surface, mat on agar surface easily cut ; interniediate 
raised (IR), whitish to darker colored, coarse, cottony, aerial growth with 
occasional irregular strands and a somewhat water-soaked appearance, 
colored mat on agar surface not easily cut; intermediate appressed (lA), 
whitish to dark-color, short and scanty, coarse aerial mycelium with large 
water-soaked areas, dark mat on surface of agar, tough; and completely 
appressed (A) , very little or no aerial growth, mat on agar surface dark- 
color and slimy in appearance, tough when cut. Colors, of course, varied 
somewhat in intensity, depending on media used and other conditions. 

Relative pathogenicites of cultures w^'ere tested Under controlled condi- 
tions on tomato seedlings by a standard technique (9) that included num- 
erical evaluation of the plant's response to the pathogen. These evalua- 
tions were : 0, signifying no apparent disease in the plant ; 1, 2, and 3, in- 
creasing amounts of discolored vasculars from tip of tap root up into main 
body of root region, hypocotyl, and to cotyledonary node ; 4 , 5, and 6 , exten- 
sion of disease from cotyledonary node up into base of plant, involving suc- 
cessive older leaves; 7, 8, and 9, further severity of wilt, developing through 
main part of plant up to almost complete wilting ; 10 completely wilted, all 

rPT. ^ studies 12 g. of agar were added per liter of liquid solution instead of 20 g. 

Ihe softer agar gave better difeerentiation of cultural classes. ' 



Wellman and Blaisdell : Variation in Fusarium 


leaves involved and vascular elements discolored bnt with stem turgid ; and 
15, collapse of central stem following complete wilting. 

CULTURAL VARIABILITY OP MONOSPORIC ISOLATES 

That variability in the tomato Fusarium is common has been noted by a 
number of investigators, e.g., White (12), Haymaker (3), and Leonian (4). 
Their observations have been, in the main, corroborated in work by the 
writers (10, 11) in which the marked instability of the causal organism was 


Pig. 1. Examples of cultures of tomato-wilt Fusarium with areas from which single 
spores were isolated. (Potato-dextrose agar used, cultures 2 weeks old, in Petri dishes 9 
cm. in diameter.) Letters designate culture classes as in text under ^‘Methods and Mate- 
rials.^^ Portions of aerial mycelium typical for growth classes are, in dish C (B), dish B 
(BS), dish E (IB), dish G (lA). Growth in dish H is typically (A). A. Typical BS 
culture with sunken areas about center, from which saltating IB cultures were obtained. 
B. Typical BS; note sclerotia, indistinct sectors from which were obtained BS, IB, lA, 
and A. C. Unstable B, over half A. This parent produced B, BS, IB, I A, and A. B. 
varying isolate from dish B. Spores from cultures like this produced IB, I A, and A. 
E. Culture originally IB with a large, markedly A sector from which monosporic isolates 
were all A. F. Originally an IB culture with A sectors occurring and becoming pre- 
dominant. Spores from aerial mycelium produced IB and I A cultures, from A sectors all 
produced A growth. G. Sector of A type in I A. Spores from aerial mycelium produced 
I A and A, while from A sector only A developed. H. Typical A isolate with different 
colored streaks but all spores therefrom produced A growth. 
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pointed out. The fact was noted that certain selections or strains were rela- 
tively free from such irregularities as sectors or saltations in culture, whereas 
such effects were quite common in other strains. The least variation oc- 
curred in the A- and in some of the E-type strains. Culture classes I A, IE, 
RS, and certain R types produced saltations more or less regularly. 

In a few of the isolation studies reported below, obviously unstable por- 
tions of fungus growth were avoided as spore sources; but, in most eases, 
advantage was taken of every evidence of differences arising in cultures to 
secure possible variaijts. Differentiating areas arising in cultures were 
generally easily seen (Fig. 1). No attempts were made to randomize the 
points from which single spores were selected for eulturing purposes, and 
in the interpretation of the data these facts must be kept in mind. The sin- 
gle-spore cultures were incubated at room temperatures (20° to 24° G.) and 
culture types determined about a week after they had attained a diameter of 
4 to 6 mm. Upon the appearance of possible R characters from RS parents 
or possible RS characters from R parents, the cultures were kept 2 or 3 weeks 
longer to be sure of results, since, at times, classification in this regard is 
difficult on younger cultures. 

In this work 2,031 single-spore isolates were grown from 18 parent strains, 
all of which had originated from monoconidial isolates in eonnection with 
previous studies (11). In a few parent strains eertain gross transfers pro- 
duced growth seemingly different from the original. These transfers w^ere 
handled as separate isolates of the parent strain, and their single-spore 
progenies were grown for comparison with others from the original parent. 
Gross transfers were used as original sources of single-spore isolates from 51 
parental colonies. 

RANGE OF VARIABILITY 

Data showing the range of cultural variability are represented in table 1. 
Single-spore isolates from fully raised, R, parents that had never produced 
saltants in culture over a long period of time and were known to be con- 
sistently high in pathogenicity were all R in character. Likewise, single- 
spore isolates from completely appressed, A, parents that produced no 
saltants in culture and were uniformly low in pathogenicity were found to 
be always A in cultural character. In contrast to the cultures from these 
two parental types were all the other parent types that were known to be 
variable in pathogenicity and growth characters. In these and later trials 
(Tables 1 and 2) the definitely variable R parents were the only class from 
which isolates were secured exhibiting the whole range of culture classes, 
namely, the R, RS, IR, lA, and A types. The RS parent strains that were 
seemingly the most variable both culturally and pathogenieally, produced 
single-spore isolates of RS, IR, lA, and A types but not R. Intermediate 
parent types, IR and lA, were the source of isolates that were nearly as 
variable as those from the RS parents. The greatest range of variation 
oecui: red among isolates from parent cultures that had abundant aerial 
groAvth on artificial media and were generally characterized by presence of 
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saltations. Unstable parents with little aerial gro^^h gave rise to isolates 
of eoinparatively less variability. 

TABLE 1.— Mange of variahiUiy of culture classes found in single-spore isolates 
from various Icnown parent colonies of Fusarium hulhigenum var, lycopersici (^one genera- 
tion studied in each case) 


Parent colony, 
class and 

Class of culture 
furnishing 

Distribution of single-spore isolates i 
five culture classes^: 

mder 

number 

spores 

E 

ES 

IE 

lA 

A 

E5~l 

E 

24 

0 

0 

0 

0 

R5-5 

E 

11 

0 

0 

0 

0 

E8-1 

E 

24 

0 

0 

0 

0 

E17-1 

lEb 

I 

0 


4 

0 

El 7-2 

E 

30 

1 

1 

0 

0 

E21-1 

lEb 

14 

0 

6 

4 

0 

E21~4 

E 

22 

0 

0 

0 

0 

ES2-1 

ES 

0 

1 

1 

4 

5 

E82-2 

lEb 

0 

5 

1 

0 

, 2 ■ 

ES7-1 

ES 

0 

1 

6 

3 

2 

ES7-2 

ES 

0 

18 

10 

6 

2 

ES7-3 

ES 

0 

7 

0 

3 

2 

ES7-5 

ES 

0 

5 

45 

0 

0 

ES9-2 

lEb 

0 

3 

12 

2 

2 

ES12-1 

ES 

0 

25 

0 

0 

0 

ES12-2 

A 

0 

0 

0 

0 

7 

ES12-3 

ES 

0 

37 

6 

.10 

3 

ES16-1 

lAb 

0 

7 

3 

. 3 

1 

ES16-2 

ES 

■ ' 0 . i 

18 

1 

0 

3 

ES26-1 

ES 

0 ! 

9 

10 

5 

0 

ES29-1 

ES 

0 

7 

2 

0 

0 

IElO-1 

IE 

0 

0 

10 

0 

0 

IE13-1 

lEb 

0 

0 

11 

8 

5 

IE23-1 

IE 

0 

0 

6 

. 2 

2 

IA3-1 

lA 

0 

0 

2c 

23 

16 

Al-1 

A 

0 

0 

0 

0 

10 

Al-2 

A 

0 

0 

0 

0 

30 

A6-1 

A, 

0 

0 

0 

0 

22 

A6~3 

A 

0 

0 

0 

ic 

20 

A15-1 

, A 

0 

0 

0 

0 

26 

A15~3 

A 

0 

0 

0 

0 

29 


y Definition of classes in text under ^^Metliods and materials.^’ 
b Portion of culture used for source of spores "was a sector. Purification of source 
not attempted; occasional mixtures of spores from adjacent culture material was expected 
and evidently occurred. 

c Gases tliat appeared to have more aerial mycelium than characterized the cultures 
from which the spores were isolated. It is believed no mixtures were involved. 

DIRECTION OF variability 

Studies w^ere made to discover any specific directions in which vari- 
ability occurred among progenies’’ of the parent cultures under existing 
experimental conditions. The results from 20 parent cultures are shown in 
table 2j and from 5 of these parents in figure 2. It will be seen in tables 1 
and 2 that isolates from E5 and K8 were of both E and ES classes, whereas 
isolates from E17 and E21 gave E, ES, IE, lA, and A characters of growth. 
It is believed these observations are of consequence, since they indicate that 
E classes of isolates are the most truly representative of the pathogen. Their 
importance is pointed out below in the discussion. In the isolates from 
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Fig. 2. Kesults of single-spore isolations showing* direction of cultural variation 
through study of progenies in certain strains of Fusarium tulMgenmn var. lycopersici. 
(Table 2.) From culture RSO— 1, with abundant selerotia-bearing, creamy -white, aerial 
mycelium (BS), apparently pure cultures of intermediate appressed (I A) type, dark- 
brown, slimy growth with scanty aerial, sclerotia-free mycelium, were obtained at the end 
of 12 generations of monoeonidial isolations. A sector of B21 was used, B21-2, that had 
coarse, cottony growth (IB), while the parent mat was a white, woolly B culture, and from 
it seemingly pure, completely appressed (A), slimy, dark reddish-purple cultures with no 
aerial mycelium were obtained after 9 generations. From a nonseetoring part of B21 a 
transfer was made and purified and from it, B21-8, throughout 7 generations of single- 
spore eultmes all were B. Progenies of stable A15 and B5 cultures were A and B in type, 
respectively, after several generations. ^ 


1941 ] 


Wellman and Blaisdell: Variation in Fusarium 


109 


TABLE 2,— Direction of variability towards either raised or oppressed culture 
classes y as found in single-spore isolates from certain parent colonies of Fusarium bul- 
Ugenum var. ly coper sici {from 3 to IS generations studied in each case) 


Parent colony, 
class and 

Class of cul- 
ture furnish- 

Generation 

Distribution of single-spore isolates 
under five cultural classesa; 

number 

ing spores 


E 

ES 

IE 

lA 

A 

P 5-4 

E 

1st 

9 

0 

0 

0 

0 


E 

2nd 

5 

0 

0 

0 

0 


E 

3 rd 

5 

0 

0 

0 

0 


E 

4 th 

7 

1 

0 

0 

0 


E 

5 th 

9 

0 

0 

0 

0 


E 

6th 

6 

16 

0 

0 

0 

R 17-3 

lEb 

1st 

6 

0 

2 

0 

0 


E 

2nd 

12 

0 

6 

3 

0 


IE 

3 rd 

2 

0 

4 

2 

0 


IE 

4 th 

0 

0 

22 

4 

0 


IE 

5 th 

0 

0 

20 

3 

0 


IE 

6th 

0 

0 

12 

0 

0 

ES 7-4 

ES 

1st 

0 

1 

0 

0 

0 


ES 

2nd 

0 

11 

1 

0 

1 


lEb 

3 rd 

0 

1 

4 

2 

0 


IE 

4 th 

0 

0 

15 

11 

3 


IE 

5 th 

0 

0 

8 

4 

0 

ES 16-4 

ES 

1st 

0 

4 

0 

0 

0 


ES 

2nd 

0 

4 

0 

2 

3 


A 

3 rd 

0 

0 

0 

0 

12 


A 

4 th 

0 

0 

0 

0 

32 


A 

5 th 

0 

0 

0 

0 

44 


A 

6tli 

0 

0 

0 

0 

16 


A 

7 th 

0 

0 

0 

0 

4 


A 

8th 

0 

0 

0 

0 

24 

IE 13~2 

IE 

1st 

0 

0 

4 

0 

0 


IE 

2nd 

0 

0 

10 

2 

0 


IE 

3 rd 

0 

0 

10 

7 

4 


IE 

4 th 

0 

0 

20 

11 

6 


IE 

5 th 

0 

0 

16 

9 

3 

IA 3~2 

lA 

1st 

0 

0 

0 

20 

0 


lA 

2nd 

0 

0 

0 

1 

7 


A 

3 rd 

0 

0 

0 

0 

16 


A 

4 tli 

0 

0 

0 

0 

24 

A 6-2 

A 

1st 

0 

0 

0 

0 

24 . 


A 

2nd 

0 

0 

0 

0 

24 


A 

3 rd 

0 

0 

0 

0 

24 

E 5-2 

All E 

Total of 3 

30 

0 

0 

0 

0 

E 5 - 3 C 

E 

i C it rj 

120 

0 

0 

0 

0 

E 21-20 

IE, lA, A 

ic u g 

2 

0 

9 

25 

20 

E 21 - 3 C 

All E 

i C ^ ^ 7 

34 

0 

0 

0 

0 

ES 2-3 

ES, IE, A 

i i c ( 4. 

0 

7 

9 

0 

10 

ES 9 - 1 C 

ES, IE, lA 

' ' ' ' 13 

0 

74 

7 

19 

0 

ES 9-3 

All ES 

3 

0 

23 

11 

0 

0 

ES 9-4 

^ ‘ ES 

3 

0 

34 

0 

0 

0 

ES 16--3 

ES 

'' << 5 

0 

31 

7 

6 

2 

IE 13-3 

All IE 

( ( it 4 

0 

0 

22 

2 

0 

IA 3-.3 

lA 

<< << 5 

0 

0 

0 

46 

9 

IA 3-4 : 

lA, A 

a a tj 

0 

0 

0 

33 

10 

A 15 - 2 C : , 

All A 

a 

0 

0 

0 

0 

112 


A Definition of classes in text under ‘^Methods and materials.’^ 
b Portion of culture used for source of spores was a sector. Purification of source 
not attempted; occasional mixtures of spores from adjacent culture material was expected 
and evidently occurred. 

c These data represented diagrammatieally in figure 2, 
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parents A15, A6, and Al, all, witli one exception, were apparently A in 
character. 

In the first generation of isolates from ES16-4 (Table 2), all appeared to 
be typically light-color ES in character. After ageing a few weeks 1 of the 
4 developed a narrow, dark sector •with coarse aeriah mycelium and no 
selerotia. Very few spores wei-e found, but singie-spore isolates -were ob- 
tained from this sector 3 of which were tj’pically ES, 1 was an ES form that 
had excessively coarse tufts of mycelium among the selerotia-bearing aerial 
growth, 2 were lA, and 3 were A. Monosporic isolates were made from one 
of these A cultures and from these, A types -were secured in the tliird gen- 
eration. Prom then on, through 6 generations, only cultures of A type were 
consistently secured from spores from the A isolates, and it was believed in 
the end that a reasonably constant A type of culture had been selected from 
a parent originally ES in character. In the case of ES16-3, which was 
carried at the same time, the monosporic isolates produced not only A but 
lA, IE, and ES types of culttires. 

In figure 2 are presented diagrammatically the results on studies of 
parent eultui’es E21— 2 and E21— 3 that had both come originally from E21, 
a typical unstable E type. Eeisolations were carried 9 generations in one 
line and 7 generations in another, to a total of 98 nionoconidial isolates. At 
the close of these 2 series a stable A type of isolate apparently had been 
derived from original material from a sector IE in appearance occurring on 
one side of an otherwise E parent culture. It is notable that reisolations 
from material obtained from the opposite, and, apparently, more stable side 
of the mat (Pig. 2) produced nothing but E isolates throughout 7 subsequent 
generations of reisolation. 

Eesults of monosporic reisolations from 4 parent cultures of ES9-1 were 
slightly more complex. A total of 184 single-spore isolates were studied. 
Prom 1 apparent saltant culture, ES9-2 (Table 1), 19 monosporic isolates 
were obtained for only one generation, and of these, 3 were ES (probably 
contaminants from the ES mycelium in w'hich the IE saltant occurred), 13 
were close in type to that of the IE type of sector •u'hence the spores came, 2 
were lA, and 2 were A in type. 

In the case of ES9-1 (Pig. 2 and Table 2), one parent mat was charac- 
tenstieally of ES type after being in culture on agar for over a month and 
then going through 5 generations of monosporic reisolations. A total of 40 
monosporic cultures, all ES, were produced that remained typically ES. with- 
out evident saltations through 6 weeks’ undisturbed retention in culture. 
One of these ES isolates was used as the source of six 6th-generation cultures 
which at first appeared ES in character without evident saltations. Later, 
1 ot the 6 isolates produced a saltant sector IE in character and the 5 mono- 
spone isolations from it (7th generation) produced cultures, both IE and ES 
in character. A 6th-generation culture that had not sectored was used to 
carry on the ES character 2 more generations, and 12 cultures of ES charae- 
■er only were produced. In the 9th generation, however, 2 out of 7 isolates 
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had IR type sectors and monosporic isolates obtained from one of these 
sectors (lOth generation) were of the I A, IE, and ES types. One of these 
lA isolates was lield for 3 wrecks before monosporic reisolations were again 
made and for the subsequent 3 generations all isolates from this line were 
I A in character. It is to be noted that in this ease the I A type was the 
'dowest’’ type obtainable after manipulation for 13 generations; yet, in 
another instance from the same strain (ES9~2, Table 1) , A types were secured 
in the first monosporic isolations from a variant portion of one parent 
culture. 

The isolations from A5-3 and A15--2 iiropagated true to type. 

Isolations from the intermediate, I A and IE, types were not so extensive 
as with the ES cultures, since it was found that range of variation was not 
so great. However, (Tables 1 and 2) the monosporic isolates from IE and 
lA cultural classes showed variation and were easily divisible into inter- 
mediate and appressed types. 

From the above studies it appears to be clear that, in general, the char- 
acter of growth of single-spore isolates, when it differed from the parental 
type from which the spores were obtained, was in the direction of less aerial 
growth, that is downward, ^Howard the lower, less pathogenic,^ or appressed 
(A) types. It is well to emphasize here, however, that variation toward less 
aerial growth does not always occur, because (Tables 1 and 2) in 10 out of 
146 series of spore isolations some of the isolates were ‘'higher’’ in culture 
class than the sector whence they were obtained. In these there is evidence 
that they involved mixture of spores secured from mycelia adjacent to 
sectoring portions of the mats, and the results are so interpreted. In over 
100 eases cultural techniques were especially employed to obviate chance mix- 
ture of classes, and in all these series all single-spore isolates were the same 
class as or “lower” than the culture of origin. However, in one of these 
series from purified cultures 2 IE cultures occurred among 42 single-spore 
isolates from a carefully purified lA parent ; in another case, one lA culture 
appeared among 21 monosporic isolates from a known A parent. In both 
these eases the remaining isolates were of the same class as their parents or 
lower. 

Spore Type and Variability 

In the tomato-wilt strains of Fusariimi used in these studies, 3 types of 
spores were commonly found, the single-cell microspores, which are slightly 
elongated and tend to be kidney-shape ; the two- to six-cell macrospores that 
are long and sickle-shape (no attempts were made to keep detailed record of 
numbers of cells per conidium in the maerospore studies) ; and the single-cell, 
rounded, rather thick-walled, hyphal chlamydospores. Chlamydospores 
that occur in conidia were not found for use in these studies. The hyphal 
chlamydospore germinates slowly in comparison with microspores and 
macrospores, and is borne both between cells and at the tips of hyphae, while 

of monosporic isolates is indicated helow under the section 

^ ^ Pathogenic variability of monosporic isolates. ^ y 
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the other spores occur on sporophores. Considering these and other possi- 
ble differences, the question naturally arose as to whether the type of spore 
might possibly have some effect on the character of cultures from monosporic 
isolates. 

Table 3 shows that each kind of spore produced essentially the same range 
of cultural classes as did isolations of conidia handled in random manner, 
nonidentified as to type from the respective parent cultures. There are 
minute discrepancies in a few cases in which a slightly larger range was 
noted for the isolates from the random isolation of mixed microspores and 


TABLE 4. — -JResnlts on pathogenicity studies of differing strains of Fusarium, hidhi- 
genum var. lycopersici on Bonny Best and Marglohe tomatoes, comparing data from parent 
cultures with the simgle-spore isolates obtained from these parents 




Cultures used 

Pathogenicity evaluations 

Test 

strain^ 

Plants inoculated 

Parent culture 1 

All progenies 










number 

Par- 

Prog- 

Average 

c.y.c 

Average 

0 Y c 



ents 

enies 

indexb 

indexb 



R5 

1/lOd 

21/210d 

13.4 + 2.59 

19.33 

11.9 + 2.99 

25.13 


R17 

1/10 

29/290 

9.4 ±2.41 

25.64 

5.7 + 2.11 

37.02 


Mean 



11.4 + 2.44 

21.40 

8.8 + 1.99 

22.60 


RS16 

1/10 

14/140 

10.2 + 3.55 

34.80 

10.1 ±4.09 

40.50 


RS7 

2/20 

36/410 

10.2 + 3.03 

29.77 

8.4 + 3.36 

40.00 


RS12 

2/20 

32/320 

6.8 + 1.87 

27.50 

7.6 + 3.77 

49.61 


Mean 



9.1 + 2.93 

32.20 

8.7 + 2.03 

23.33 

Bonny 

IR.26 

1/10 

24/240 

10.3 + 2.54 

24.66 

9.0 + 2.48 

27.56 

Best 

IR13 

1/10 

24/240 

9.3 + 1.06 

11.40 

7.2 + 1.51 

20.97 


IA3 

1/10 

39/390 

8.1 + 2.68 

33.09 

8.5 + 3.32 

39.06 


Mean 



9.2 + 2.14 

23.26 

8.2 + 1.80 

21.95 


A15 

2/20 

23/230 

1.6+ .96 

60.00 

1.0 + 1.16 

116.00 


A1 

1/10 

10/100 

5.1 ±1.66 

32.00 

5.4 + 1.71 

31.67 


A6 

1/10 

21/210 

4.7 + 1.49 

31.70 

4.6 + 1.30 

28.26 


Mean 



3.8 ±1.36 

35.79 

3.7 ±1.09 

29.46 


R5 

1/10 

21/210 

9.5 + 2.17 

22.84 

8.1 + 2.28 

28.15 


R17 

1/10 

29/290 

6.1 + 1.28 

20.98 

4.2 ± 1.50 

35.71 


Mean 



7.8 ± 1.74 

22.31 

6.2 ±1.59 

25.65 


RS16 


10/100 



7.5 + 1.71 

22.80 


RS7 

2/20 

34/298 

6.7 + 1.95 

29.10 

5.1 + 1.89 

37.06 


RS12 

1/10 

29/290 

3.6+ .69 

19.17 

4.9 + 2.12 

43.27 

Marglobe 

Mean 



5.2 ±1.65 

31.73 

5.8 ± 1.22 

21.03 


IR26 

1/10 

24/240 

7.5 + 1.96 

26.13 

6.2 + 1.56 

25.16 


IR13 

1/5 

24/120 

7.2 + 1.64 

22.78 

5.3 + 1.64 

30.94 


IA3 

1/10 

39/195 

. 5.5 + 1.08 

19.64 

4.4 + 2.88 

65.45 


Mean 



6.7 ±1,53 

22.84 

5.6 ±1.30 

23.21 


A15 

2/20 

22/220 

0.7 + 1.23 

17.57 

0.4+ .65 

162.50 


A1 

1/8 

10/80 

2.0+ .92 

46.00 

2.7 + 1.32 

48.89 


A6 

1/10 

21/210 

2.8+ .62 

22.14 

3.3 + 1.02 

30.91 


Mean 



1.8 ± .79 

43.89 

2.1+ .73 

34.76 


^ See footnote 2 in the text. Letters indicating classes are described under the section 
in the text Methods and materials/^ and also apply to letters used in the parent strain 
number designations. 

Includes arithmetical mean of evaluations on individual plants and standard error. 

C.V. = Goefdcient of variation. 

Numerator indicates number of cultures used, denominator indicates number of 
plants inoculated. 
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maerospores. If, liowever, the same nimiber of isolates had been obtained 
from spores separated according’ to morphology, it is believed these minor 
diiferences would disappear. In RS7 the same degree of sectoring Avas noted 
in cultures of ES, IR, and I A character whether from niito’ospores, macro- 
spores, or chlamydospores. Thus, in these studies, mori)hoiogy of a spore 
was apparently unrelated to the class of culture that (hu'eloped from it. 

PATHOGENIC VARIABILITY OP MONOSPORIC ISOLATES 

Relative pathogenicity of the parent strains, as well as relative stability 
as indicated by absence or presence of sectors in cultures, lias been reported 
(11). Briefly, the relative cnltnral stabilities of the strains iiieluded in 
these studies (Tables 4 and 5) are: R5 and A15 were most stable; some 
doubtful indications of Amriation were noted in cultures of A1 and A6 ; fairly 
definite sectors were noted in IA3 and IA13 ; sectors Avere more distinct in 
R17 and IR26 ; and the most dwergenee as exhibited by sectoring Avas seen in 
RS16, RS7, and RS12. 

In experiments on pathogenic variability among moiiosporic isolates, 
parent strains and single spore isolates from these strains Avere tested for 
pathogenicity according to standard procedure (9). Affected plants Avere 
evaluated from 0, no apparent disease, to 15, early Avilt and collapse caused 
by Fusarmm. No intervening numerical i>oints were recorded betAveen 10 
and 15. On the day all leaA^es on a plant become Avilted, its stem is still up- 
right and it is recorded as 10. During the next 2 or 3 days necrosis of the 
stem may progress to a complete and final collapse of this stem. Such a 
condition is given a rating of 15. 

In the case of R5 (Table 4), considering the small number of plants, 10, 
used per treatment, it is believed that the standard error is not excessively 
large. High errors characterize the RS (most unstable) group, Avhile the 
A (quite stable) group had relatively small errors. 

In tests (Table 4) with the more susceptible and more delicate indicator 
plant Bonny Best, eoefiSeients of variability Avere greater, on the Avhole, in 
the data obtained on the single-spore isolates from RS parents. Among the 
strains obtained from the intermediate group, IA3 gaA^e the greatest 
coefficient of Amriability, which Avas interesting, since monosporie isolates 
from IA3 were of only 2 classes, lA and A (Table 2) ; but pathogenicities be- 
tween these two types were considerably different in intensity. Of the 
2 R strains the largest coefficient of variability Avas exhibited by R17, which 
produced saltations in culture, while R5 was free from sectoring. 

The same general relationships found in the data from Bonny Best 
tests existed in the Marglobe tests. Standard errors, and coefficients of 
variation are not so high in the latter, a fact probably attributable to the 
greater resistance and more vigorous growdh of tfiose plants. 

Strains of the pathogen that varied markedly in ciiltiire Avere similarly 
found to vary markedly in pathogenicity reactions. LikeAvise, degree of 
cultural variation was generally indicative of degree of range in patho- 
genieity.' '■ 
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Ti^BLE 5 . — Pathogenic variation of tomato-wilt Fusarium between groups of mono- 
sporic isolates obtained from the same parent but differing in cultural classes 


Fusarium strain 

Isolates used 

ISTumber of plants under 
each class 

riii- 

host 1 



Pathogenicity classes^ 

square*^ 

Parent 

Progenies 

Plants inoculated 

1 

2 

3 

4 



B odd 

lO/lOOe 

0 

0 

11 

89 

.12 


B even 

10/100 

0 

0 

9 

91 

.12 

1 

B 

6/60 

0 

12 

35 

13 

19.40 

\ i B17 

IB 

6/60 

0 

29 

26 

5 

.40 

1 

lA 

6/60 

1 

46 

12 

1 

14.02 


BS 

9/90 

0 

0 

39 

51 

44.81 

ES7 

IB 

9/90 

0 : 

16 

52 

22 

1.00 

Boiiiiv 

lA 

9/90 

° 1 

36 

51 

3 

40.08 

Best 

ES 

6/60 

0 1 

1 

25 

34 

28.03 

ES12 

IB 

6/60 

0 i 

11 

35 

14 

2.32 


lA 

6/60 

1 : 

! 

28 

27 

4 

26.67 


IB 

5/50 

1 

0 i 

4 

31 

15 

7.61 

IB13 

lA 

5/50 

0 

4 

39 

7 

5.13 



5/50 

0 

22 

28 

0 

19.93 

IA3 

lA 

15/150 

0 

1 

49 

100 

53.19 


A 

15/150 

9 

48 

70 

23 

69.67 

A15d 

A odd 

10/100 

86 

14 

0 

0 

4.00 


A even 

10/100 

94 

6 

0 

0 

1.88 

pm 

Bodd 

10/100 

0 

9 

65 

26 

3.62 


B even 

10/100 

0 

8 

48 

■ 42. 

2.71 


B 

6/60 

0 j 

43 

17 

0 

2.86 

B17 

IB 

6/60 

0 i 

40 

20 

0 

5.37 


lA 

6/60 

. 

■ 6 

50 

4 

0 

15.56 


BS 

5/42 

0 i 

27 

15 

0 

4.91 

BS7 

IB 

1 5/42. 

0 ' 

32 

5 

5 

10.78 


1 lA 

5/42 

3 i 

28 

11 

0 

6.70 

Marglobe 









BS 

5/50 

0 

29 

21 

0 

7.16 

B.S12 

IB 

5/50 

0 

38 

11 

1 

.88 


lA 

5/50 

1 

43 

6 

0 

5.03 


IB 

5/25 

0 

14 

11 

0 

1.21 

IB13 

lA 

5/25 

0 

18 

7 

0 

.53 


A 

5/25 

2 

16 

7 

0 

2.93 

IA3 

lA 

5/75 

0 

45 

22 ’ 

8 

22.16 


A 

5/75 

32 

33 

28 

12 

36.92 

A15<3 

A odd 

10/100 

100 

0 

0 

0 

.00 


A even 

10/100 

100 

0 

0 

0 

.00 


a See footnote 2 in tlie text. Letters indicating classes are described under tlie sec- 
tion in the text ^‘Methods and materials/^ and also apply to letters used in tlie parent 
strain number designations. 

53 1 = none to very mild infection, 2 = mild, 3 = very severe disease and 4 = deatli. See 
also discussion of these classes in text under the section ^ ^ Pathogenic variability of mono- 
sporic isolates, ^ ^ 

c Tests made by standard methods using mean distributions of all progeny groups , 
from each parent as theoretical values and testing distribution of separate groups for 
significant deviation therefrom. 5 per cent point = 7.82. 

Stable parent, progenies all like iiarent but divided arbitrarily into two groups: 
^^odd^^ data from isolates listed under odd numbers, ^^even^^ data from those with even 
numbers." ■■ ■ ■ 

e ]v;f'xim 0 i.jj,tor indicates number of cultures used, denominator indicates number of 
plants inoculated. 
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Clii-square tests also were made to study the differences in pathogenieity 
reactions in groups of single-spore isolates of different eultural character 
obtained from the same parental source. The single-spore isolates and 
their parents (Table 5) had been classified according to eiiltnre classes 
before they were used for inoeiila in these experiments. In arranging the 
data for statistical tests, resnlts were used from the same number of cnltnres 
of a given class and compared with other class or <dasses that had been 
run for pathogenicity reaction at the same time. Selection of strains for 
these comparative tests was always strictly at random. The numbers of 
plants inoculated and all other conditions were as nearly identical as possible 
ill these experiments. In applying the Chi-sqiiare te>st it was found that 
the 12 original evaluation classes, as described, did not give dependable fre- 
quency distributions. These were then grouped aeeording to a method 
suggested in connection with the technique of testing for pathogenicity (9) 
the practicability of which was later denionst rated in handling data subse- 
quently reported (11). Four classes of disease effects were therefore used, 
class 1, apparently no infection and very mild effect (disease evaluations 0, 
1, 2) ; class 2, mild (3, 4, 5) ; class 3, serious (6, 7, 8) ; class 4, very severe 
disease and death (9, 10, 15). Differences among eiiltnre classes from the 
same parent source were tested by using the mean distribution of all groups 
within the parental source as the theoretical or calculated value. 

Since it was impossible on the basis of cnltnral appearance to divide 
progenies of the stable K5 or A15 into different cultural groups 'within them- 
selves (Tables 1 and 2), odd- and even-nnmher isolates were arbitrarily 
combined for testing one against the other (Table 5) . It will be seen that as 
might be expected both on mathematical grounds and judging from cnltnral 
similarity, odds and evens of 115 and A15, respectively, showed close agree- 
ment. It should be noted again, as was pointed out previously (11) and 
from the discussion in this paper, that parent cultures of tlie remaining E, 
ES, IE, and I A strains had all shown tendencies toward instability by de- 
veloping frequent irregularities in cultural appearanee. Also, as has like- 
wise been noted above (Tables 1 and 2), monosporic isolates fi'oin these 
unstable cultures were of variable cultural types. 

Monosporic isolates from E17 were grouped in K, IR, and lA classes. 
The E and I A groups were highly significant in their variation from the 
mean of the three (Table 5) , but all 3 groups very evidently differed in their 
reactions. In ES7 and RS12, isolates were grouped in RS, IR, and lA 
classes. From both these strains the groups mentioned again differed in 
pathogenic reaction to a significant degree. Differences between groups 
also were found in those that came from 2 inteinnediate strains, IR13 and 
IA3. 

In comparing the Bonny Best and Margiobe data, it is of interest that 
in reactions on Margiobe, the more resistant plant, the effects of different 
groups, on the whole, did not give such high Chi-square figures as did those 
from Bonny Best. For example, in ES12 tested on Bonny Best, the groups 
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of singie-spore isolates showed about the same comparability as in the ES7 
monosporic-isolate groups. The Marglobe data, however, showed smaller 
Chi-squares among groups from RS12 than were observed in the ES7 mate- 
rial. In IE13 the monosporic isolates were in the IE, lA, and A groups. 
The A group had the highest Chi-square in the Bonny Best data. The IE 
and I A groups from this strain were not significantly different in patho- 
genic effects, and in the Marglobe data all 3 groups did not vary beyond 
limits that would be interpreted as significant. Prom IA3, groups lA and A, 
were tested. They differed so greatly that highly significant Chi-squares 
were obtained from both in the Bonny Best and Marglobe results. While 
Chi-squares from both tests were highly significant, the effect of greater 
resistance in Marglobe is again evident, for the Chi-squares are about half the 
size of those obtained from Bonny Best data. 

The significance of reactions of differing groups within material from 
given strains demonstrates the variable nature of pathogenic reaction as it 
is correlated with cultural variability. Also, the most notably variant 
parent cultures yielded singie-spore isolates showing the greatest variation 
in pathogenicity. 

DISCUSSION 

It appears from these studies that, in culture, the direction of change in 
the tomato-wilt Pusarium tends from the highly pathogenic types with light- 
color, abundant aerial growth, through classes with less aerial mycelium to 
the almost avirulent types having dark, appressed cultural characters with 
little or no aerial growth. 

Moreover, the data indicate what may be expected through changes in 
Fusarium strains used as inocula in experiments on tomato resistance to 
Pusarium wilt, and emphasize the necessity of care in maintaining the more 
virulent forms of the parasite in question. Variants arise easily in certain 
cultures, can be perpetuated, and if accidentally used, may reduced disease 
severity and possibly vitiate gentic data based on the assumption that the 
inoculum was standardized in all of its effects throughout a long program 
of work. 

These studies also further corroborate previously published findings (11) , 
which indicated that the growing of tomato varieties of intermediate resis- 
tance may possibly be successful in some sections because of the presence 
of Pusarium types of low grade pathogenicity, while the same varieties 
grown in other sections, perhaps close by, may be unsuccessful because the 
strain of the parasite present may be highly pathogenic. 

Eesults as reported herein and elsewhere (10, 11) also seem to explain one 
of the discrepancies in cultural characters that puzzled Haymaker (3) in 
his studies with the tomato Pusarium, and similar apparent disagreements 
that have occurred in other work with different fusaria. Haymaker obtained 
from White (12) isolates of the tomato-wilt Pusarium that differed markedly 
in cultural description from the original. After describing the differences 
Haymaker said : “Such a, marked variation. in resultsTs, difficult of explana- 
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tion. . . . The change in the nature of the fnngiis may have been cine to 
deterioration through prolonged growth in culture, but the fact that strain 
B had been cultured a year less than strain A would indicate that 'the prob- 
able cause of the change was the accidental transfer of saltation material not 
evident in test-tube cultures. ’ ’ His work emphasized questions that likewise 
are reflected in his statement regarding variability of tlie parasite and its 
effect on resistant strains of tomato: There is a remote ];)ossibility that 
variations in environmental conditions may be of importance, not alone in 
their effect upon the association of host and parasite, but also in inducing 
the fungus to change its inherent nature througli geneiad. saltations.'' 

Haymaker described his strain grown on acidified ixfiato-dextrose 
agar, as having fairly luxuriant, dark aerial mycelium, of salmon-pink to 
vinaeeous color. This strain he obtained as AYhite's strain ^^60.” "White 
had described this strain, as it appeared on potato-dextrose agar, as faintly 
colored and producing some aerial growth. Both workers spoke of it as 
remarkably constant in cultural character. This is fairly typical of what 
we have observed in our studies (11) for an intermediate, raised, IR class 
of isolate. Although the IR types studied by us have been somewhat unstable 
in character, it is expected that further manipulation miglit i-esult in segre- 
gating a more nearly stable strain. This was approached in the case of 
IR13-3 (Table2). 

Haymaker’s strain ''B" was white to pink on acid agar, with completely 
submerged mycelium in some cultures and powdery aerial growth in others; 
he considered it ‘^extremely variable.” This ''B” strain wus from White’s 
“127,” which White (12) described as having moderate aerial mycelium, 
faintly tinged with pink, and with colorless sclerotia. The specific mention 
of sclerotia by White, with his other characterizations, and Haymaker’s 
observation on its notable variability, all agree with what we have found in 
our RS, unstable raised selerotial types, and, as Haymaker surmised, is 'what 
might be expected from chance transfers from sectoring material. It ap- 
pears that the behavior that Haymaker was troubled to explain (in tlie “B” 
strain’s difference from its original character as 'White’s “127”) is the same 
phenomenon that was followed experimentally in the case of several series 
reported in the present paper (examples: Rsi6-4 and RS9-1, Table 2 and 
Fig.2). We also have found that strains relatively stable with respect to 
freedom from saltations, appear to retain this character throughout long 
cultivation under artificial conditions (examples : all R5, IR13~3, all Al, A6, 
and A15 cultures, and R21--8, Tables 1 and 2, and fig. 2) . 

It is of interest that monosporie cultures of the types RS, IR, lA, and A, 
but not R, were obtained from saltating RS strains, while all thevSe culture 
classes including the E type were obtained from saltating R strains. Even 
though comparatively few RS cultures were secured from the R parents it 
seems significant that they could be obtained at all. A great many more 
monosporie isolates were obtained from RS parents ; yet, the range of their 
variation did not include R classes. Obtaining all the various cultural 
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classes from originally R-type cultures is important as an indication that 
these R strains may he considered basic in relation to the species concept, 
and may even have some bearing on general Fusarium classification. 

The IR, lA, and A parents did not produce R or RS cultures through 
any of the handling methods resorted to in these studies. The relationship 
between RS and R types needs further and more exhaustive investigation. 

Again it should be stated that, while change in cultural class character 
is, on the whole, towards a “downward” or appressed condition, in a very 
few cases (only 3 out of 2,031) variation seemed to occur in an upward direc- 
tion. Such variation must take place in nature, since a wholly downward 
trend would eventuate in complete deterioration of a highly pathogenic 
population, which evidently does not happen in the field. Huge numbers 
of spores are produced by fusaria under ordinary conditions, and cultural 
studies with much larger numbers of isolates would possibly be more defini- 
tive with regard to upward variation. The comparatively few numbers of 
such variants indicated in our studies might be entirely sufficient to multiply 
increasingly virulent strains to cause severe epidemics where, before, disease 
may have been consistently present but only moderate in effect. 

It is obvious from these studies also that, with the range and general di- 
rection of change understood, a more intelligent view is possible of the group 
of culture types that are represented by Fusarium luTbigenum var. lycoper- 
sici. In a previous report (11) a strain, No. 30, was noted that produced 
coloration that diffused from myeelia into the surrounding agar. Many 
other types of variation probably will be found ; indeed, these that have been 
described may be only a small proportion of what actually occurs. 

SUMMARY 

Studies were made of over 2,000 single-spore isolates from many par- 
ent strains of the tomato-wilt Fusarium (F. hulbigenum var. lycopersici 
(Brushi) Wr. and R.) . In the material used, monosporic isolates vary most 
in cultural type and pathogenicity when obtained from parents known to 
be most commonly of saltating nature, and vary least from parents that are 
apparently free from sectoring in culture. 

Variation, with only a few exceptions, tends in the direction from cul- 
tures with abundant aerial mycelium to those with growth that is almost, if 
not completely, appressed to the surface and submerged in the agar or liquid. 
The raised form is the most highly pathogenic in character, the appressed is 
mildest, and intermediate cultural types are intermediate in pathogenicity. 

Out of 2,031 monosporic isolates 3 were secured in which variability was 
towards a more raised type of growth than characterized their parents. 

Variation in culture classes was independent of the choice of microspores, 
macrospores or chlamydospores for isolation studies. 

It is possible to secure the whole gamut of cultural variants from certain 
strains of fully raised character that have at the same time a variable habit 
resulting in saltations. No other type of strain, whether so-called raised 
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selei’otial, intermediate raised or appressed, or completely appressed, yielded 
all 5 classes of cultures. Strains classed as raised,, but variant, are consid- 
ered the basic type whence all other strains are obtainable. 

By isolating single spores from sectors, and by selection tlirough succes- 
sive generations of single-spore reisolations, strains of the Fu^ian'uni with 
little or no aerial mycelium (low pathogenic type), were obtained from 
parent cultures that had abundant mycelium in culture (highly pathogenic 
type): 

United States Department op Agriculture, 

Bureau op Plant Industry, 

Division of Fruit and VegetabijE Crops and Diseases, 

Beltsville, Md. 
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FURTHER EVIDENCE FOR MULTIPLICATION OF THE ASTER- 
YELLOWS VIRUS IN THE ASTER LEAP HOPPER 

L . M . B L A G K 

(Accepted for publication July 1, 1940) 

INTRODUCTION 

This article contains an expanded account of work briefly reported earlier 
(3) and a complete treatment of experiments that have since been carried 
out. The tests described show that the aster -yellows virus, recently named 
Ghlorogenus calUstephiJ^^ ybt. vulgaris H. (7) , can be mechanically trans- 
ferred from insect to insect, that the virus undergoes an inenbation period 
in. the inoeulated insects, and that once the latter become infective they are 
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able to transmit the virus for many days. Evidence is presented indicating 
that the aster-yellows virus multiplies in its insect vector. Certain other 
properties of the virus have also been elucidated. 

In 1902 R. E. Smith (14) gave a good description of the symptoms of aster 
yellows. In 1924 Kunkel (8) discovered that the leaf hopper, Macrosteles 
divisus Uhler, transmitted the causal agent of the disease. Later (9) he 
adduced evidence of the virus nature of the pathogen and made comprehen- 
sive studies on its relationship to the insect vector and numerous plant hosts. 
The virus was transmitted from plant to plant by grafting, but all attempts 
at mechanical transmission failed. Severin (13) in 1934 stated that ‘‘Cali- 
fornia aster and celery yellows has been transmitted on rare occasions from 
a feeding solution containing crushed infective Cicadida divisa bred on dis- 
eased plantain or ribgrass {Plantago major).’^' So far as the writer is 
aware, Severin has published no further information on these feeding experi- 
ments with the aster-yellows virus. With the introduction, by Rawlins and 
Tompkins (12), of carborundum as an abrasive in plant-virus inoculations, 
the mechanical transmission of many plant viruses was greatly facilitated. 
Rawlins and Tompkins, however, failed to transmit aster-yellows virus by 
this means. 

The writer's attempts to transmit aster-yellows virus mechanically from 
insect to insect at 0° C. were based on a number of facts and hypotheses. 
Storey (16) demonstrated that an insect could be successfully inoculated 
with the virus for which it is a vector. By means of pin punctures and 
injections through fine glass capillaries, he succeeded in transferring the 
maize-streak virus, Marmor vnaidis H. var. typicum H., from the leaf hopper, 
Cicadtdina mbila Naude, to other leaf hoppers of the same species. He also 
transmitted the virus from plant to leaf hopper. The maize-streak virus 
has not been transferred mechanically from plant to plant. The work of 
Storey suggested that similar techniques of insect inoculation might be suc- 
cessfully applied to the aster-yellows virus. The work of Kunkel (10) on 
heat-induced incubation periods in viruliferous aster leaf hoppers affords 
good evidence that the aster-yellows virus is very unstable, because a treat- 
ment for 12 days at 32° C. appeared to destroy the virus within the insect. 
As most viruses are unstable in Juices of their hosts at ordinary tempera- 
tures, while they are apparently stable in vivo at the same temperatures, 
Kunkers data suggest that the aster-yellows virus might be rapidly inacti- 
vated at ordinary temperatures during mechanical transmission. For this 
reason the transmission of aster-yellows virus from insect to insect was at- 
tempted at 0° C. rather than at room temperature. Kunkel interpreted the 
heat-induced incubation periods as being due to inactivation of part of the 
virus during the heat treatment and multiplication at lower temperatures. 
Because this interpretation appeared most probable to the writer, it seemed 
logical to expect that, if a small amount of the virus were successfully intro- 
duced into the leaf hopper, it might increase until the insect became infective. 
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MATERIALS AND METHODS 

Noiiviruliferoiis insects were hatclied and reared on lye, wliicli is immune 
from tlie aster-yellows virus (9). For conYenieiice, tlie insects used as a 
source of virus will be designated as ''source’' insects. For some purposes 
the source insects were hatched and reared on diseased asters, for others 
they were fed for only a limited time on diseased plants. li^sually, 50 live 
source insects in a 125-cc. Brlenineyer flask were weighed on a balance sen- 
sitive to changes of 0.1 mg. These insects were tlien phuuHl in a rooiii held 
at -10® C. just long enough to render them iiundive but not long enough 
to freeze them. They w^ere then taken to a room held at 0® C. where all 
subsequent procedures connected with inoculation were (arrried out. This 
room contained a sample of nonviruliferous young adult leaf hoppers of 
about the same age and all the virus-free apparatus and materials necessary 
for the inoculation. The insects inoculated will hereafter be referred to as 
"test" insects. If so desired, the inactivated source insects were counted 
and then thoroughly ground by means of a glass mortar and pestle. Before 
the macerated pulp had time to dry, a calculated volume of 0.85 per cent 
saline solution was placed in the mortar to give the dilntion of juice desired. 
For the purpose of calculating dilutions, the whole weight of the leaf hop- 
per was assumed to be a liquid having the same density as water. The actual 
dilution of the virus-containing fluids from the insect wms, therefore, greater 
than stated. Preparations designated as "undiluted" really had 2 or 3 
drops of distilled water added to the pulp so that the material could he 
manipulated. Inoculations with the undiluted solutions, "whieh were not 
centrifuged, were made with an insect pin dipped in the mass of ground 
insects. Three minutes' centrifugation of the diluted solutions in an Inter- 
national Clinical Centrifuge was sufficient to throw most of the coarse par- 
ticles to the bottom and leave a supernatant clear enough not to clog the 
fine capillaries used for injection. About 10 of the test insects were placed 
in an enamel pan 20 cm. in diameter and 7 cm. in depth. The infectious 
solution was drawn up into a glass capillary and a small amount forced into 
the test insect through a puncture in the abdomen. The insect was pushed 
off the capillary tube by means of an insect pin mounted on a slender wooden 
rod. Ordinarily, 120 insects were inoculated with each solution. In some 
of the early experiments a single insect was injected as often as 5 times. It 
was soon discovered, however, that a single injection was the most satisfac- 
tory procedure. After the test insects were inoculated, they were placed in 
a 125-ce. Brlenmeyer flask and allowed to come to room temperature over a 
period of about 10 minutes. 

The group of inoculated test insects was then placed on a single large 
aster plant {Gallistephus cAmensis Nees) or on young rye plants (Becale 
cerealeh.). If placed on an aster plant, they were removed from this plant 
before they became infective and were tested individually on a series of small 
aster plants. If the test insects were placed on rye plants, they were trans- 
ferred as a group once a week for 3 weeks to a cage containing fresh rye 
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plants and then tested either indiYidually or in small colonies on a succes- 
sion of small aster plants. To avoid the accidental transfer of nymphs pro- 
duced by the test insects, each test insect or colony was held on each aster 
plant for 1 week, except in the case of the last test plant. The insect or 
colony was held on the last plant for 2 weeks. All aster plants were observed 
in a greenhouse for 28 days after the removal of the insects. During trans- 
fers, the noninoculated control insects were transferred first, then the test 
insects from the highest dilution group to the lowest, and lastly the inocu- 
lated control insects. Since rye is immune from the virus, it was advantage- 
ous to hold the insects on rye while the virus passed through the long and 
variable incubation period in the insect. Satisfactory results were obtained 
with the rye only when it was grown in sand and fed a complete mineral 
nutrient solution. The rye seed employed was always carefully examined 
and weed seeds removed. The transfer to fresh rye plants every week made 
certain that unsuccessfully inoculated insects could not pick up the virus 
from a rare weed that might have escaped detection and might have been 
successfully inoculated by insects that had already become infective. 

With the exception of some of the first experiments, an attempt was made 
to keep both source insects and test insects at a temperature of 24° C. or 

TABLE 1 . — Transmission of aster-yellows virus hy individual leaf hoppers inoculated 
with various dilutions of juice from viruliferous insects 
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a Insect died. 

+ = plant developed aster yellows. 

- = plant remained healthy. 

Incubation period in insect : 17-31 days. 
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lower in order to avoid any heat-indiiced inactivation of tlie virus within 
the insect. 

MECHANICAL TEANSMISSION 

After it had been shown that the aster-yellows virus could be transniitted 
mechanically from insect to insect, an experiment was iindertaken to ascer- 
tain to what extent the juices of source insects could be diluted in 0.85 per 
cent salt solution and still remain infective. Undiluted juice, juice diluted 
10-Vand juice diluted 10'^ were inoculated into different groups of 25 test 
insects. The inoculated groups and a control group of 25 noninoeulated 
insects were each confined to a single large aster plant for 10 days. Then 
the surviving insects were transferred individually to a succession of aster 
plants at the intervals shown in table 1 until they died. The results of this 
experiment indicated that the juice of the source insects was infectious up 
to a dilution of 10"^. It was clear also that the virus underwent an incuba- 
tion period in the infective insects, the minimum incubation period varying 
from 17 to 31 days. With one exception (insect 3, dilution 10“^), it is 
probable that the infective insects transmitted the virus until they died. 

The experiment was repeated, testing higher dilutions and inoculating 
100 insects with each dilution instead of 25. Bach group of insects was held 
on a single large aster plant for 11 days and then the survivors "were tested 
individually on a succession of aster plants during the following 76 days, 
at which time all but 9 of the insects had died. In table 2, data from this 


TABLE 2. — Transmission of asier-ycUotvs virus hy inclividual leaf hoppers inoculated 
with various dillutions of juice from viruliferous insects 


Dilution of 
viruliferous 
insect juice 

Number of 
insects tested 
individually 
on aster plants 

Number of 
insects 
infective 

Number of 
test plants 
employed 

Number of 
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infected 

10-" 

52 

11 

184 

44 

10-" 

28 

3 

58 

8 

io-» 
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insects 

68 

0 

309 
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experiment show that the source insect juice was infective at dilutions up 
to 10“^ but not at higher dilutions. In table 3, the data on the infective 
insects in the group inoculated with dilution 10"^ are presented in detail. 
The incubation period in these insects varied from 11 to 45 days. It seemed 
probable that every infective insect transmitted the virus until it was dead 
or dying. 

These experiments showed that the juice of source insects was infectious 
up to dilutions of 10“^ in saline solution and that the virus underwent a 
minimum incubation period in the inoculated insects of from 11 to 45 days. 
The experiments also indicated that once the inoculated insects became infec- 
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aster- 2 /eMows virus T>ij individual leaf hoppers inoculated 
with a lO'^ dilution of juice from vwuliferous insects 


Insect 

number 



Days insects held on 

successive 

aster plants 


1-11 

12-24 

25-31 

32-38 

39-45 

46-52 53-59 

60-66 

67-73 74-81 

1 

- 


- 

- 

+ 

+ 

+ 

+ 

~a 

2 

— 

— 

— 

+ 


+ 

+a 



5 


__ 

— 

— 

— 

+ 

b 

+ 

—a 

11 

— 

- 

- 

+ 

+ 

+ 

—a 



12 

— 

~ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

19 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ +a 

28 

— 

— 

+ 

+a 






30 

— 

— 

4-a 







'40 

- 

- 

+ 

4.a 






44 ' 


- 

+ 

+ 

+ 


+ 

+ 

+ +a 

45 ■ 











a Insect died. 

b Plant died due to fungous infection. 

+ = plant developed aster yellows. 

~ = plant remained healthy. 

Incubation period in insect: 11-45 days. 

tive they were able to transmit the virus to asters until they died, sometimes 
as long as 50 days later. 

In the first experiments, the percentage of infective insects varied from 
6 to 11 per cent of the insects inoculated and from 14 to 46 per cent of the 
insects surviving at any one time. Experiments were conducted in an at- 
tempt to improve the efficiency of inoculation. In the first experiment, the 
juice of source insects diluted to lO"^*^ was injected into the thorax of 50 
insects just in front of the last pair of legs and into the abdomen of a second 
group of 50 insects just behind the last pair of legs. These inoculations 
were carried out at 0° C., as heretofore. A third group of 50 insects was 
inoculated in the same manner as the first group, except that the whole pro- 
cedure was carried out at 25 "" C., using ether to anaesthetize the test insects. 
The inoculated insects were held on rye plants for 3 weeks and then tested 
individually on asters for 4 weeks. The results of the experiment (Table 4) 
indicated that the inoculations at 0° C. were much more successful than the 
inoculations at 25° C. Injections in the abdomen were easier to make than 
those in the thorax, and the results suggested that they were more efficient. 

In a second experiment, groups of 120 test insects were treated in vari- 
ous ways. One group was held uninoculated as a control. A second control 
group consisted of insects inoculated with infectious juice diluted to 10“^-^. 
Half of the insects were injected with as large a volume of inoculum as 
could be forced into their bodies without killing too many of them. The 
remaining 60 insects were injected with as small a volume of inoculum as 
could be detected entering their bodies, Le., the meniscus in the capillary 
was forced to move only very slightly at each injection. A third group of 
insects was inoculated with juice diluted 10"^*® that had been stored 24 hours 
at 0° C. The fourth group of insects was inoculated with the same dilution 
of juice, but the source insects from which the juice was taken had been 
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TABLE 4 . — Transmission of asicr-yellows virus to leaf Itoppers hy different methods 
of mechanical inoculation 


Experi- 

ment 
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fiozen for 20 ninintes at —10° C. Tlie test insects were held on lye plants 
for 3 weeks and were then tested on aster plants for 4 weeks. tL i-esults 
of this experiment (Table 4) indicated that most but not all of the virus was 
destroyed by freezing the source insects or by storing the juice at 0° C. for 
24 hours. Injection of large volumes of inoculum resulted in a higher per- 
centage of infective insects among the survivors than when a small injection 
was employed. However, the higher mortality in the former group resulted 
in a smaller actual number of infective insects. 

MULTIPLICATION OF VIRUS IN THE INSECT 

The writer has been primarily interested in the teelmique described 
above because it should make possible several types of experiment bearing 

on the question of whether or not the aster-yellows virus increases in its 
insect vector. 

^ A conclusive demonstration that a plant virus is able to multiply in its 
insect vector has several important implications. It would be strong evi- 
dence for the relationship between plant and animal viruses because a virus 
capable of multiplying in both plants and animals would be, in a very real 
sense, both a plant virus and an animal virus and would serve as a connect- 
ing link between the two groups. Such viruses would raise interesting ques- 
lons regarding their position in any system of virus classification. More- 
over multiplication m the insect vector would probably be involved in the 
specific^relationships between certain plant viruses and their insect vectors 
ai), the possible vectors of certain viruses being restricted in part at least 

aot be the only factor involved seems probable from the demonstration by 


1941] Black : Multiplication op Aster- yellows Virus 127 

Bennett and Wallace (2) that the sugar-beet curly-top virus (Ghlorogenus 
eutetticola H.) may be retained in non-vector insects for as long as 3 weeks. 
Storey’s (16) demonstration that inactive races of Cicadulina mhila can be 
rendered infective by puncturing insects that have ingested maize-streak 
virus indicated that purely physical barriers in the intestinal wall were also 
involved in the specificity of vectors. Lastly, if a virus is capable of multi- 
plying in both plants and animals, any theory of virus multiplication would 
have to account for such increase. For example, the precursor hypothesis 
(15) seems to imply that in any medium supporting virus multiplication 
there exists a large element similar to the virus, which, on undergoing a 
change involving a comparatively small fraction of its total structure, be- 
comes the active virus. If this be true, it would seem necessary to suppose 
that the same precursor elements occur in as widely separated organisms as 
insects and plants. While this may be so, the possibility that viruses grow 
by some process akin to the assimilation of simple compounds by organisms 
deserves consideration. 

The discovery that the aster-yellows virus can be readily transferred 
mechanically from insect to insect makes possible several types of experi- 
ments on the relationship between virus and vector. For example, the tech- 
nique makes possible experiments measuring any increase of virus that might 
occur in insects. Similarly, it permits experiments designed to determine 
whether or not there is virus inactivation in insects held at high tempera- 
tures and it makes feasible attempts to prove virus increase in insects by 
means of serial passages. The experiments on multiplication described in 
this paper are of the first type. 

In the first of these experiments, a large nonviruliferous colony of young 
adult leaf hoppers of about the same age was placed on diseased aster plants 
that had been stripped of all leaves but those showing pronounced symptoms 
of aster yellows. Tw^enty-f our hours later the asters were removed and the 
insects subsequently maintained on rye plants that were changed at inter- 
vals of 9 days or less. It should be emphasized here that the only virus 
these insects ever obtained from plants was that secured during the 24 hours 
they were on diseased asters. All intervals in this and subsequent experi- 
ments were reckoned from the day on which the insects were placed on dis- 
eased aster plants, this day being called ‘M,” the next ‘‘2,” and so on. On 
certain days thereafter some of these insects were withdrawn at random 
from the colony and ground. The juice, diluted with saline, was centrifuged 
and the supernatant solution injected into test insects. Since the source 
insects gradually increase in weight during the course of an experiment such 
as this, dilutions were based on the average weight of a single leaf hopper 
as determined on the day when the first titration was made. The average 
w^eight of 302 leaf hoppers on the third day after they were placed on dis- 
eased asters was 0.706 mg. In subsequent titrations the’ number of insects 
in the sample was multiplied by 0.706 and the weight thus calculated used 
to determine the volume of saline required to give the desired dilution. A 
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fresh sample of 100 source insects was employed for each test with undiluted 
juice and with juice diluted 10-^. Fifty source insects were used for each 
test with juice diluted 10'®. One hundred and twenty test insects were 
inoculated with each dilution. The inoculated test insects were held on rye 
for 3 weeks and then tested individually on astei's for 4 weeks. 


TABLE 5. — Transmission of aster-yellows virus hy individual leaf ho2)pers inoculated 
with various dilutions of juice from insects fed on diseased aster plants for 1 day 


Day during which 
juice from source 
insects was in- 
jected into 
test insects^ 

K 

Number of ii 

meets infective 

Qf 

insects testec 

I 

Dilution of juice from source insects 
injected into test insects 

Control 

insects 

noninoculated 

10" 

10“" 1 

10-- 

3 

0/50 

0/50 j 

0/50 

0/50 

4 

0/50 

0/50 1 

0/50 

0/50 

10 

0/50 

0/46 i 

0/48 

' 0/49 

17 

0/29 

0/9 

0/23 

I 0/50 

24 

0/41 

0/32 i 

0/29 

0/50 

31 

0/1 

1/8 1 

1 

2/47 

0/50 


a The daj during which the source insects fed on diseased aster plants was desig- 
nated ‘^1.” The following day was designated ^^2/ hand so on. 


The results of the first experiment (Table 5) were far from conclusive. 
P ositive results were not obtained until the 31st day, when 1 infective insect 
appeared at dilution 10"^ and 2 at dilution All noninoculated, control 
insects remained noninfective. This experiment was carried out in mid- 
summer, and later experience indicated that some of the negative results 
were due to heat inactivation of the virus in the insects. 

The experiment was repeated in the autumn with some changes. A large 
nonviruliferous colony of young adults was fed on diseased aster plants for 
48 hours and was then placed on rye plants. Whenever titrations were run 
on these source insects, a group of controls inoculated with juice from insects 
that had fed all their lives on diseased plants, was included. The controls 
served as a check on the technique of inoculation on the day in question and 
also on the possible inactivating effect of the temperature at which the test 
insects were held subsequent to their inoculation. The temperature at which 
the insects were kept was held at 24° C. or lower. In this second experi- 
ment, the source insects were titrated for their virus content on the 8th and 
10th days. The results of the experiment, presented in table 6, show that 
on the 8th day the juice of the source insects was infectious at a dilution of 
lO-l Positive results were also obtained on the 10th day, but it was unsafe 
to conclude that the increased number of infective insects obtained on this 
day resulted from an increase of the virus in the source insects. The nega- 
tive results with undiluted juice, even though a high percentage of inocu- 
lated insects survived, are attributed to the inefficiency of the pin-pinieture 
method of inoculation. The experiment showed that virus had I'eaehed a 
high concentration in the insects at least 2 days before they would have been 
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able to infect plants by feeding. This is confirmatory of Storey's observa- 
tion (16) that the maize-streak virus could be detected in the vector some 6 
hours before the insect became infective. 

The experiment with further modifications was carried out a third time. 
In this case titrations for virus in the source insects were made at dilutions 
of lO"’-, 10"^ and 10'^. Moreover, instead of testing the inoculated insects 
individually on asters, they were tested in colonies of 5, unless the survivors 
numbered less than 50, when they were divided in such a way as to give as 
many colonies as possible up to 10. The results of this experiment (Table 7) 


TABLE 7. — Transmission, of aster-yellows virus ^y colonies of from 1 to S leaf hop- 
pers inoculated with various dilutions of juice from insects fed on diseased aster plants 
forlday 


Day during 
whieli juice 
from source 
insects was 
injected into 
test inseetsfi ' 

Patio • colonies infective 

Number of colonies tested 

1 Dilution of juice from source insects 

injected into test insects j 

Control insects 

1 10-" 

10- 

io-« 

Noninocu- 

lated 

Inoculated 
with infective 
insect juice 
diluted 10-^-® 

2 

0/18 i 

0/10 

0/15 

0/18 

17/17 

3.... i 

0/7 

0/17 

0/11 

0/17 

15/15 

5 : 

0/6 1 

0/10 

0/17 

0/18 

14/15 

8 

0/8 

0/8 

1/15 

0/17 

9/10 

11 

0/5 

1/9 

1/10 

! 0/19 

16/16 

15 ; 

0/10 

0/10 

0/10 

0/19 

15/15 

22 ; 

0/10 I 

0/10 

0/14 

0/17 

19/20 

i 

0/10 

0/10 

0/10 

0/15 

16/16 


a The day during which the source insects fed on diseased aster plants was desig- 
nated The following day was designated ^ ‘ 2/ ^ and so on. 


were not conclusive. Although all noniiioeulated controls reinained non- 
infective and a high percentage of inoculated control colonies became infec- 
tive, in the actual titrations only 3 infective colonies (probably only 3 infec- 
tive insects) appeared. One of these occurred on the 8th day at dilution 
10"^ and 2 on the 11th day, 1 at dilution 10“^ and 1 at dilution 10“^. The 
poor results are attributed to the fact that the source insects did not pick 
up much virus. This was shown by testing 50 source insects individually 
on asters for 2 days, 42 days after they had fed on the diseased asters. Only 
2 of the 50 aster plants became diseased; 50 noninoculated control plants 
remained healthy. The high mortality in insects inoculated with juice from 
the source insects also contributed to the poor results. Juice used to inject 
the inoculated controls was always diluted 10~^'®, yet it consistently resulted 
in a lower mortality in the injected insects than the juice from the source 
insects diluted to 10"". The reason for this effect is unknown. 

In the fourth repetition of the experiment, further improvements were 
introduced. The source insects were kept on large healthy aster plants both 
before and after being placed for 1 day on diseased plants. Before the 


TABLE 8.—Incul}ation iwriod in source insects that were titrated for their vwus content on various days 
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incubation period bad elapsed, these heal tiiy aster plants were changed daily. 
In this way the minimum incubation period for the whole colony (rather 
than for a sample) was accurately ascertained. It was found that the in- 
sects began to infect the aster plants during the 18th day (Table 8). In 
addition, samples of 50 insects were withdrawn from the colonies on the 15th 
and 32nd days and tested individually on asters for 1 day. None of the in- 
sects tested on the 15th day was infective, but on the 32nd day 15 insects 
(or 30 per cent) infected aster plants. None of 100 noninoculated control 
aster plants in these two tests became diseased. 

Titrations were made on the 2nd, 4th, 8th, 12th, and 16th days, using 
selected dilutions as shown in table 9. In the titrations, 50 source insects 
were used to prepare each dilution. For the purpose of making dilutions, 
the average weight of a single source insect at the beginning of the experi- 
ment was taken as 0.857 mg. and was based on the weights of 3 samples of 
50 insects each. An effort was made to inject about the same amount of 
solution into each test insect. After holding the inoculated test insects, and 
both kinds of control insects, on rye for 3 weeks, they were tested in colonies 
of 5 on aster plants (with one exception mentioned in table 9). Each colony 
was held on 1 aster plant for 1 week and on a 2nd aster plant for the next 
2 weeks. The noninoculated control insects did not transmit the virus, 
whereas almost 100 per cent of the inoculated control colonies became infec- 
tive. The latter had been inoculated with a 10~^ dilution of juice from 
insects that had fed all their lives on diseased asters. Entirely negative 
results were obtained on the 2nd day at dilutions 10"^ and lO-'^. On the 
12th day, a high proportion of the colonies was infective at dilutions 10"^ 
and 10"^ Smaller numbers of infective colonies were obtained on the other 
days. Prom the data on colonies, it is possible to calculate the probable 
number of infective insects in any group. Such calculations have been made 
and the data are included in table 9." It is apparent from the data pre- 
sented in table 8 that the source insects could have received no virus from 
plants other than that secured during the 1 day on diseased aster plants. 
The data of table 9 indicate that the virus in the insects increased at least 
100-fold between the 2nd and the 12th day. The data for the 16th day 
suggest that the virus concentration decreased between the 12th and 16th 
days. These results indicate that the virus multiplied in the insects and 
that it reached a very high concentration 6 days bef ore the incubation period 
had elapsed. 

DISCUSSION 

The technique of transferring the aster-yellows virus from insect to in- 
sect promises to be a useful tool for investigating some properties of the 
aster-yellows virus that have hitherto eluded determination. Similar tech- 
niques may be successful with still other plant viruses transmitted by leaf 
hoppers. Transmission at 0° G. may be an important factor in the me- 

^ yPhe writer wishes to acknowledge Ms indektedness to Dr. W. J. Youden for Ms 
assistance in making these calculations. lor ms 
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ehanical transfer of unstable viruses. It is believed to be an important 
consideration in the above experiments on virus multiplication in the vector. 

Evidence for the multiplication of a plant virus in its insect vector al- 
ready exists. In 1935, PukusM (5) obtained transmission of tbe rice dwarf- 
disease virus (Marmor oryzae H.) from insect to insect througb the egg to 
the third generation and interpreted this result as evidence of virus multi- 
plication in tbe vector. Storey (17) suggested that explanations other than 
multiplication may account for this phenomenon, and Bawden (1) advanced 
several arguments against Pukushi^s interpretation of his data. Pukushi’s 
recent work (6) showing that the virus may pass from insect to insect 
through the egg to the 7th generation considerably strengthens his inter- 
pretation. 

Kunkel (10) found that, by holding viruliferous aster leaf hoppers at 
32° C., the insects lost their ability to transmit aster-yellows virus either 
temporarily or permanently, depending on the length of time they were 
held at the high temperature. He was unable to observe any injurious effect 
of the heat treatment on insects held at even higher temperatures, and 
showed that insects, rendered noninfective by heat treatment, could reac- 
quire and transmit the virus (11). He suggested that the heat treatment 
inactivates all or part of the virus and that insects that temporarily lose 
their ability to transmit aster-yellows virus regain the ability by multipli- 
cation of the remaining virus until an infective concentration is reached. 
Bawden (1) advanced several other interpretations and stated that there 
are so many possible alternative explanations of these results that it would 
seem extremel}^ premature to regard them as evidence for the multiplication 
of the virus in the vector.’’ While each of Bawden ’s alternative explana- 
tions for the evidence of Pukushi and Kunkel is possible, it should be remem- 
bered that there is no experimental evidence to show that they actually apply 
in either case. Bawden apparently accepts the evidence of Preitag (4) and 
Bennett and Wallace (2) as showing that the beet curly-top virus does not 
multiply in the beet leaf hopper, Eutettix tenellus (Baker) . It is possible, 
of course, that the viruses of aster yellows and rice dwarf disease multiply 
in their vectors, even although the virus of curly top of beets may not mul- 
tiply in E. tenellus. The evidence against the multiplication of the curly- 
top virus in its vector consists of the fact that infective leaf hoppers fre- 
quently lose their ability to infect without fresh access to diseased -plants, 
the demonstration that the length of time the insects remain infective is 
proportional to the length of time they feed on diseased plants, the evidence 
that the virus content of infective insects decreases with the passage of time 
after they feed on diseased plants, and the recognition of the ability of in- 
sects that have lost their inf ectivity to reacquire and transmit the virus. 
Storey (17) has pointed out the possibility that insect-borne viruses might 
infect their vectors locally instead of systemieally. Increase of the virus 
might be restricted by the number of cells invaded during the feeding period 
and might well be limited in a number of ways to a certain amount per cell. 
The latter hypothesis cannot be considered untenable by the evidence so far 
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accnmulated indicating that the curly-top virus does not multiply in the 
beet leaf hopper. 

In the present work, direct evidence has been presented in favor of the 
multiplication of the aster-yellows virus in the aster leaf hopper. It should 
be emphasized that in the titration experiments the -whole insects were 
ground up and not just a part of them. It seems unlikely, therefore, that 
the results could be due to a shift in the location of the virus within the 
insects. The indications of a decrease in virus concentration after a peak is 
reached are believed to be real. If it is an actual decrease, it seems that a 
part of the incubation period is required for multiplication and that another 
part of the incubation period is necessary for transfer of the virus from loca- 
tions where it multiplies to other locations from which it can enter the plant. 
In virus diseases of animals the virus is commonly detectable in increasing 
amounts during a certain period following inoculation, and then, after reach- 
ing a peak, the amount that can be detected commonly decreases, frequently 
to a point where no virus at all can be detected. Equine encephalomyelitis 
affords a good example of this phenomenon (18). It seems probable to the 
writer that the aster-yellows virus first increases and then decreases in all 
aster leaf hoppers. In some the decrease may proceed far enough so that 
the insect loses its ability to transmit unless it has access to a fresh source 
of virus. It should be pointed out that the reacquisition of a virus disease 
by animals is not at all unusual (19). 


summary 

The aster-yellows virus has been mechanically transmitted from insect to 
insect. Juice from viruliferous insects is infectious at dilutions as high as 
1 : 1000 in 0.85 per cent NaCl solution. 

The virus in insects inoculated by mechanical means underwent a mini- 
mum incubation period varying from 11 to 45 days. 

Once the inoculated insects began to transmit the virus, they usually did 
so until they died. 

Mechanical transmission of the virus at 0° C. was more efficient than 
mechanical transmission at 25° C. 

Freezing viruliferous insects for 20 minutes at -10° C. destroyed most 
of the virus. 

Most of the virus was inactivated during 24 hours’ storage at 0° C. in 
insect juice diluted to lO"^-® with 0.85 per cent salt solution. 

Experimental evidence was obtained indicating that the virus multiplied 
at least 100-fold in the insects between the 2nd and 12th day of a 17-day 
incubation period. The virus reached a high concentration in the insects 
6 days before the insects transmitted it to asters. There is some evidence 
of a decrease in the virus concentration towards the end of the incubation 
period. 

Prom THE Department OP Animal and Plant Pathology, 

The Pockepbller Institute for Medical Research, 

Princeton^ New Jersey. . 
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DEVELOPMENT OP SECONDAEY TUMORS AND TUMOR STRANDS 
IN THE CROWN GALL OP SUNPLOWERS 

, A R M I N C . B R A IT N 
(Accepted for publication June 25, 1940) 

REVIEW OP LITERATURE 

Crown gall, a disease of plants whose eansal agent is Phytomonas twme- 
faciens (Smith and Town.) Bergey et ai., has attracted considerable interest 
not only because of its practical significanee hut also because of its alleged 
similarity to certain neoplastic diseases of animals and man. Smith and his 
collaborators (9, 10, 12, 13) , in a series of papers, stressed these similarities 
stating that, nnder certain conditions, strands of tumor tissue may grow, in 
root-like fashion, from the primary gall into normal tissue. They believed 
that secondary tumors, which formed at a distance from the primary gall, 
were always connected with the primary gall by means of a tumor strand. 
Later, however, Smith (11) modified somewhat his concept of the root-like 
invasion of normal tissue by the tumor strand and stated that, in some in- 
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stances at least, it develops by appositional growth. He believed that in 
such eases a stimulus 'was transmitted from tumor cells to adjacent healthy 
cells in one direction only, thereby converting the latter into typical tumor 
cells. Smith believed these tumor strands to be comparable to certain types 
of metastases found in malignant tumors of animals and man. 

Pelko (5) succeeded in producing tumor strands and secondary tumors 
in the sunflower by inoculating the developing capitula; thus, he -was able 
to confirm Smith’s earlier observation. Kiister (3), however, questioned 
the correctness of Smith’s interpretation of the development of secondary 
galls from root-like txmor strands and stated that conclusive evidence of the 
infiltration of tumor tissue into normal tissue had not been presented. 

Robinson and Walkdeii (8) hold that in a plant like Ghrysanthemiim 
fnctescens L. secondary tumors are formed only when rudimentary wounded 
structures, subsequently separated by growth, are infected. They found 
no evidence of the invasion of tumor growth through normal tissue for any 
considerable distance. In this plant, the maximum distance that the bac- 
teria extend along the xylem vessels or migrate through the iiitercellular 
spaces is never more than a few millimeters. How’’ever, in a plant like 
Nicotiana afflnis (T. Moore), which has large intercellular spaces, the bac- 
teria were found to migrate in a zoogleal mass for a distance of several inches 
from the primary gall. According to these workers, the cells lying in the 
immediate vicinity of the masses of bacteria are stimulated to divide and 
give rise to tumor strands. 

Riker (7) holds that tumor strands and secondary tumors were never 
found except when inoculations are made into the tops of plants having a 
number of internodes condensed in the apical bud. When needle-puncture 
inoculations are made just below the bud of such plants, the injured cells 
release liquid that forms a continuous channel and serves to distribute the 
bacteria along a number of nodes and internodes in the condensed bud. As 
the bud develops and the internodes elongate, the bacteria are distributed 
for some distance along the stem. Tumor strands are formed by the division 
of the host cells along the path -where the bacteria ivere distributed at the 
time of inoculation. According to Riker (7) secondary galls and tumor 
strands are not secondary from the standpoint of invasion, but result from 
the inoculation that produces the primary gall. Levine (4) agrees with 
Riker on this point, but he was not always able to detect a connecting strand 
of tumor tissue between the primary and secondary galls and, therefore, con- 
cluded that the two areas w^ere inoculated at the same time but were subse- 
quently separated by elongating noninoculated tissue. He wns unable to 
verify the work of Robinson and Walkden (8) as regards the presence of 
bacteria in the deeply staining intercellular spaces of the plants he studied. 

Suit and Bardley (15) believe it possible that many of the so-called 
tumor strands reported by Smith et al to be present in the protoxylem 
region were internal tumors formed at points where the vessels had ruptured 
because of the elongation of the stem. 
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Obviously, there is not complete agreement on certain fundamental 
points concerning the mechanism involved in tumor-strand and secondary- 
tumor formation in crown gall. It is the purpose of the present paper, 
therefore, to review this problem in the light of work that has already been 
done and to present new evidence that ultimately may aid in its solution. 

materials and methods 

Since sunflower plants {Helianihus sp, var. Giant Eussian) were found 
to be particularly favorable for the study of the development of secondary 
tumors and tumor strands, they were used throughout the investigation. 
The plants were grown in compost soil in 4-in. pots and were kept on a 
greenhouse bench throughout the course of the experiments. 

The culture of Phytomonas tumef miens used for inoculation purposes 
was the Ae strain of Eiker. The bacteria were introduced by the needle- 
puncture method. Plants that had reached a height of 10 to 12 inches were 
used unless otherwise stated. Inoculations were always made at least 3 
inches from the apical bud into an internode that had elongated to, or very 
nearly to, its full length. After inoculation, due care was taken not to in- 
jure the plants, since wounds might well serve as avenues for secondary 
infections and thus lead to confusing results. Care also was exercised in 
watering the plants, thus preventing spread of the inoculum. 

Eeisolation of the bacteria was carried out by grinding the desired ma- 
terial together with a few cubic centimeters of nutrient-dextrose broth in a 
sterile mortar. The thoroughly ground material was permitted to incubate 
for 4 to 5 hours and then plated out in nutrient-dextrose agar. 

In studying the pathological histology, free-hand sections were used 
throughout. The sections were mounted in lacto phenol (glycerine 40 ce., 
phenol 20 cc., lactic acid 20 cc.) to which a small amount of safranin was 
added to aid in the differentiation of certain structures. 

experimental results 

General Appearance of Inoculated Sunflower Plant 

Five to 7 days after inoculation with a virulent crown-gall culture, pro- 
nounced swellings usually could be noted in the sunflower stems for a distance 
of several inches above and below the point of inoculation. These swellings, 
which could often be observed before the primary tumor made its appear- 
ance, were usually more pronounced below the point of inoculation than 
above. During subsequent days, the swellings continued to thicken, and, in 
extreme eases, a lengthwise splitting of the stem resulted. After a period 
of 3 to 5 weeks, secondary tumors of two distinct types could be observed on 
many of the plants. A detailed description of their development is pre- 
sented in a later section. 

Internal Structure of the Swollen Stem 

Histological studies of sections of swollen stems and of normal stems 
revealed several conspicuous tissue changes, the nature and extent of which 
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depended somewhat upon the time that had elapsed following inoculation. 
Perhaps the most conspicuous changes resulted from cellular disturbances 
that progressed laterally from the protoxyleni region into the pith. Serial 
sections showed that the disturbances were continuous for a distance of 
several inches above and below the primary tumor and that they produced 
strands similar to the tumor strands first described by Smith on the Paris 
daisy. Often as many as 3 strands were found in a single section. 

Another conspicuous cellular change involved the pith cells bordering 
certain vascular bundles. These cells often, show^ed a pronouneed radial 
elongation. The stimulus that caused this radial elongation appeared to 
originate in the xylem region of the vascular bundle and to be transmitted 
laterall}" toward the center of the pith, usually involving 4 or more succes- 
sive pith cells. This resulted in a band of radially elongated pith cells 
extending from the inner edge of a vascular bundle toward the center of the 
pith. In the more extreme cases, there was also an increase in secondary 
xylein and this was, in some instances, accompanied by an increase in the 
width of the medullary rays. The cortical parenchyma appeared unaffected. 

The Tumor Strands 

Tumor strands may be found within 6 days after the sunflower plants 
have been inoculated with crown-gall bacteria. In a representative case, a 
sunflower plant, approximately 13 in. high, was inoculated on December 9 
in the first internode above the cotyledonary node. This internode, at the 
time of inoculation, was 5^ in. long. The inoculation was made 2 in. from 
the top of the internode and hence 3$ in. from the cotyledonary node below. 
A unifoimi swelling of the stem extending throughout the entire internode 
was noted on December 14, 5 da^^s after inoculation. On December 15, 
serial sections of the thickened stem were cut and examined and it was found 
that a fairly well-developed tumor strand was present, which extended eoii- 
tiiiiionsly a distance of 2| in. below and IJ in. above the primary tumor. 
The internode had not elongated more than in. during the 6-day period. 
Since numerous other plants treated in the same way showed similar results, 
it appears evident that rapid elongation of the stem tissue is not a necessary 
prerequisite to tumor-strand formation in the sunflower. 

Tumor strands have been reported present in the cortex of the sweet pea 
by Kiker (7) and in the hark parenchyma of tobacco by Smith (12). They 
were, however, invariably found in association with the xylem region 
of the sunflower plant in the present study. At the very earliest stage in 
the development of the tumor strand, the xylem cells immediately bordering 
certain of the xylem vessels were stimulated to enlarge, as shown in figure 
la. They continued to enlarge and often elongated in a radial direction, 
thus causing the edge of the bundle to break loose and be forced into the 
pith (Figs, lb and Ic). It would seem from these observations that the 
strand develops as the result of a stimulus that originates in the xylem 
vessels and acts in a lateral direction. The mature strand develops as the 
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Fig. 1. Cross sections through sunflower stems showing stages in the development of 
the tumor strand, a. Very early stage showing stimulation of the cells immediately sur- 
rounding a xylem vessel, b and c. Later stages. Note the inner edge of the bundle has 
been forced into the pith by the radially elongating cells, d. Mature strand, a and b, 
X 85| c, X 52; d, x42. (Photograph by J. A. Carlile) . 

result of the repeated division and slight enlargement of the affected cells 
(Pig. Id). It is quite obvious that the tumor strand does not develop as a 
consequence of division in the pith cells in the immediate vicinity of a vascu- 
lar bundle, as might appear to he the ease when only the mature strand is 
examined, but rather is the result of the enlargement and repeated division 
of xylem cells immediately surrounding certain of the xylem vessels. 
It is of interest to note that in many instances the xylem vessels from 

which the stimulus appeared to arise were yellowish to bright red. 

The question as to whether crown-gall bacteria are present in the cells of 
the tumor strand is difficult to answer. Attempts to isolate them from pieces 



of strand tissue, carefully dissected out under sterile conditions, liave often 
yielded negative results. Crown-gall bacteria, however, have been isolated 
in some instances. 

Secondary Tumors 

Secondary tumors that arise at points distant from the seat of inoculation 
have been described on a number of plant species b.y several diiferent investi- 
gators. However, as has been pointed out earlier, various interpretations 
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as to the niechanism involved in the formation of these structures have been 
suggested. 

In this study on the development of secondary tumors, inoculations were 
always made at a distance of 4 and 6 inches from the apical bud and usually 
into the lower portion of an internode that had ceased, or had almost ceased, 
to elongate. This was done to guard against introducing the bacteria into 
elongating tissue. 

The two distinct types of secondary tumors found to occur on sunflower 
plants differed both from the standpoint of their relative position on the 
host plant and, more strikingly, in their internal structure. The first of the 
two types was found in petioles and appeared to be similar to those described 
previously by Smith and others on the Paris daisy. About 3 or 4 weeks 
after inoculation, slight swellings were noted on one or more of the petioles 
that were frequently located as far as 3-4 nodes above the primary tumor. 
As the secondary growths developed, the affected petioles began to thicken 
at certain points and a slight tumefaction often could be noted extending 
into the larger veins of the leaves (Fig. 2). Often as many as 3 distinct 
tumors were found in a single petiole. 

Histological examination revealed that these structures were outgrowths 
from tumor strands that usually extended the entire length of the petioles 
and could frequently be traced into the larger veins of the leaf. These 
secondary tumors and tumor strands always were associated with the xylem 
vessels of one or more of the bundles of the leaf trace, and developed in a 
manner similar to that reported for the tumor strands in a previous section. 
Here again, the stimulus appeared to originate in certain of the xylem ves- 
sels. The cells in the immediate vicinity of the vessels were stimulated to 
enlarge and, later, divide. As the secondary tumor developed, the overly- 
ing tissue became flattened and crushed. Numerous short traeheids were 
often found and it would appear that they arose through direct transforma- 
tion of gall tissue. Figure 3 shows an early stage in the development of 
this type of secondary tumor. 

The tumor strand, which was often found to extend the entire length of 
the petiole and into the midrib and larger veins of the leaf, could not, in 
most instances, be traced to the primary tumor. Long sections of appar- 
ently normal stem tissue were frequently found between the base of the 
affected petiole and the primary tumor. 

It was extremely difficult to isolate bacteria from the secondary tumors 
and tumor strands found in the petioles. In only a very few instances was 
it possible to isolate colonies of the crown-gall organism from them. 

It seemed conceivable at first, in view of the difficulty of isolating bac- 
teria, that some cell-stimulating substance, which would account for the 
overgrowths, might be diffusing up and down from the actively growing 
primary tumor. This possibility was ruled out, however, by the following 
obesrvation. An attenuated strain of the Chry IIB Stapp culture of Phy- 
tomonas timiefaciens was isolated, which, when inoculated into sunflower 
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Pig. 3. Cross section through an affected petiole (see figure 2) showing an early 
stage in the development of a secondary tumor, x 2.6. (Photograph by J. A. Carlile). 

plants, did not produce a primary tumor. Even though no trace of primary- 
tumor formation was in evidence 4 weeks after inoculation, the sunflower 
stems had thickened in the characteristic manner and, upon examination, 
tumor strands were found present. In some instances well-developed sec- 
ondary tumors also were found (Pig. 4). This proves that the mechanism 
involved in the formation of these structures does not depend on the forma- 
tion of a primary tumor. It also demonstrates eonelusively that the tumor 
strands and secondary tumors are not the result of a cell-stimulating sub- 
stance diffusing from the actively growdng primary tumor, since no tumor 
was present in this instance. 

As the sunflower plants develop, it is characteristic for the leaves borne 
at the lower nodes to die and disappear. After these leaves had fallen off 
it was not uncommon to find secondary galls at the first and second nodes 
above the primary tumor (Fig. 5) . These secondary growths were of par- 
ticular interest because of their internal structure. The tumors were char- 
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acterized by a great increase in secondary xylem, as well as by a well defined, 
altbongli somewhat enlarged, cortex (Fig, 6). They differed in this way 
from both the primary and the first type of secondary tnmor described 
previously. The cells of the cortex did not show the pronounced irregu- 
larities that characterize typical crown-gall tissue. Their external appear- 
ance, however, was similar to that of the other tumors. 

An interesting phenomenon was observed on 2 of the several hundred 
plants that were inoculated during the course of this investigation. Several 
weeks after inoculation, both plants showed narrow but slightly raised ridges 
below the primary tumor. The ridges extended continuously from the pri- 
mary tumor to within a short distance of the soil line, which was slightly 
more than 6 inches. Seven w'eeks after inoculation the ridges had grown 
to about I in. above the surrounding stem tissue. The tumor tissue did not 
break through the epidermis. The stem above the primary tumor appeared 
normal (Pig. 7). 

Histological examinations showed that the ridges, consisted essentially 
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(Photograph primary tumor, x 0 . 56 . 

of secondary xylem, and that they were very similar in structure to the 
second type of tumor described in this paper. 

Here, again, the formation of these ridge-like overgrowths cannot he ex- 
plained on the basis of the distribution of the bacteria along the stem due to 
a rapid elongation of immature tissue, since there was only a slight elonga- 
tion of the internode into which the inoculum was introduced. 

DISCUSSION 

There have been two main theories advanced in an attempt to explain 
the mechanism involved in the formation of secondary tumors and tumor 
strands in crown gall of plants. Smith believed that these structures re- 
sulted as direct outgrowths from the primary tumor and that they were, 
therefore, comparable to permeation metastases found in human cancers. 
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Fig. 6. A cross section tlirough, a secondary gall such as is shown in figure 5. Note 
great increase in secondary xylem and the well defined although somewhat enlarged cortex. 
X16.8. (Photographhy J. A. Carlile). 

Although the writer believes that the secondary tumors and tumor 
strands found on sunflowers are comparable in every respect to those de- 
scribed by Smith et at. on the Paris daisy, he is not in full agreement with 
Smith’s conclusions. It seems quite clear from figure 1 that the tumor 
strand is not pushing down from the primary tumor in root-like fashion, as 
suggested by Smith, but rather that its initial development begins in the 
xylem region of the vascular bundle and that, as it develops, it expands 
laterally into the pith. The fact that the inner edge of a fibrovascular 
bundle may be torn loose and be forced into the pith by radially elongating 
cells of the developing tumor strand serves to substantiate this contention. 

If the strand were pushing up or down from the primary tumor in a root- 
like fashion, one would expect to find a strand tip that might be compared 
to the tip of a developing rootlet. However, it was found that the strands 
merely became smaller as the distance from the primary tumors increased 
and that they gradually disappeared entirely. The pith cells bordering 
the affected bundles were often found to have elongated radially for some 
distance beyond the last trace of the tumor strand. The fact that secondary 
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Fig. Ridge-like overgrowths below the primary tumor. Note stem above the pri- 
mary tumor appears normal, x 0.73. (Photograph by J. A. Carlile). 

tumors are often separated from the primary tumor by apparently normal 
stem tissue would certainly argue against Smith ’s contention that the former 
are a direct outgrowth of the primary tumor. This fact, which was pointed 
out previously by Levine (4), has been substantiated in the present investi- 
gation. 

As was stated above, Kiker (7), Levine (4) and others have suggested a 
second explanation regarding the development of strands and secondary 
tumors. These investigators contend that secondary tumors and tumor 
strands are formed only when inoculations are made into, or very close be- 
hind, the terminal bud. Eiker states that when cells are injured during 
the process of inoculation, liquid is released that serves to distribute the 
baeteria through a number of nodes and internodes in the condensed bud. 
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Attempts have been made in this paper to show that it is possible to se- 
cure both tumor strands and secondary tumors when inoculations are made 
at some distance from the apical bud into tissue that had elongated to, or 
nearly to, its full length. Since the liquid that was released during inocu- 
lation extended in most instances only a comparatively short distance from 
the point of inoculation, it could not account for the distribution of the bac- 
teria and subsequent formation of such tumor strands and secondary tumors 
as are reported here. 

While the writer does not question the fact that Biker (7), Levine (4), 
and others have been able to secure strands and secondary tumors by inocu- 
lating immature tissue, he merely wishes to emphasize the fact that it is 
possible to secure them in sunflowers by inoculating internodes that had 
elongated to, or nearly to, their full length. 

The possibility that the secondary growths were due to bacteria in the 
adjacent xylem vessels has to be considered. Several investigators have 
demonstrated the presence of the crown gall bacteria in the xylem 
vessels of various plants. Robinson and Walkden (8) observed them in the 
vessels of Chrysanthemum frutescens and Nicotiana affinis and believed 
them capable, under certain conditions, of causing disturbances in the vicin- 
ity of the invaded vessels. Although the bacteria were not found to migrate 
more than 2 mm. in the xylem vessels of Chrysanthemum, they were 
believed to be carried passively in elongating tissue when inoculations were 
made into the apical bud. Secondary tumors arose when the needle pene- 
trated a vessel in the rudimentary leaf. It was believed that the bacteria 
were restricted to the xylem vessels in the secondary tumors of this plant. 

Biker (6) found no evidence that the bacteria could produce galls if 
confined to the vascular elements of tomato ; he was, however, able to show 
that if they were provided with an avenue of escape, they could stimulate 
gall production. Suit and Eardley (15) are in general agreement with 
Biker in this belief. These workers, however, described a type of extruding 
tumor that, according to them, was a modified rootlet. The formation of 
this type of tumor was stimulated by the presence of bacteria in the me- 
chanically plugged or imperfect vessels. 

Several other workers (1, 2) also have found crown-gall bacteria present 
in the xylem vessels, but made no mention of cellular disturbances in the 
vicinity of the vessels. Stapp, Muller, and Dame (14) were able to isolate 
Phytomonas tumefaciens from apparently healthy tissue at a distance of 
over 100 cm. above and below the primary tumor in Datura taiula. 

While one may not feel fully confident of the exact course followed by 
the bacteria in stimulating tumor strand and secondary-tumor formation in 
the present study, the evidence available seems to indicate that they are cap- 
able of traveling through the xylem vessels of the sunflower plant for 
considerable distances. As has been pointed out earlier, the tumor strands 
and secondary tumors always appeared to originate in association with the 
xylem region of the vascular bundle and more particularly in association 
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with, certain of the xylem vessels. The vessels from which the stimulus 
appeared to arise were often discolored, and this led to the belief that the 
bacteria were present in them. Whether the bacteria remain in the vessels 
while stimulating the neighboring host cells to enlarge and divide is not 
known with certainty. Since it has been shown, however, that secondary 
tumors and tumor strands may be produced by an attenuated strain of Phy- 
tomonas hmef miens ^ even though no primary tumor be formed, it appears 
likely that the mechanism involved in the formation of these structures in 
sunflower plants is essentially different from that concerned in the formation 
of the primary tumor. The pronounced differences in the type of cell stimu- 
lation found in the tumor strand as compared with that found in the primary 
tumor is further evidence in support of this view. It is believed probable, 
therefore, that the bacteria remain confined to the vessels and that under 
their influence, cell-stimulating substances are foinned that diffuse laterally 
and bring about cellular disturbances in adjacent tissues. The same sub- 
stance or substances responsible for tumor-strand formation are probably 
also active in stimulating the pith cells to elongate radially. 

SUMMARY 

The problem under consideration is concerned chiefly with the develop- 
ment of secondary tumors and tumor strands in sunflower plants affected 
with crown gall. 

It has been shown that these structures can be produced by introducing 
the crown-gall bacteria at a distance of 4 to 6 inches from the apical bud 
into internodes that had elongated to, or almost to, their full length. This 
proves that these structures are truly secondary and do not depend for their 
development upon the rapid elongation of immature tissue. The ridge-like 
overgrowths, which sometimes extend from the primary tumor to within a 
short distance of the soil line, are also secondary. 

Tumor strands and secondary tumors were invariably found in associa- 
tion with the xylem region of sunflower plants. The strands are not 
direct outgrowths of the primary tumor, as suggested by Smith, but develop 
laterally from the xylem region into the pith. 

Two distinct types of secondary tumors are described. They differ both 
from the standpoint of their relative positions on the host plant and, more 
strikingly, in their internal structure. 

It has been shown that secondary tumors and tumor strands may be pro- 
duced by an attenuated strain of PhytowionQs tu'inefdciens, even though no 
primary tumor is formed. This suggests that the mechanism involved in 
the formation of these secondary structures may not be identical with that 
concerned in the formation of the primary tumor. 

From the Department op Animal and Plant Pathology op 
The Rockepeller Institute for Medical Research, 
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QUANTITATIVE COMPARISON OF METHODS FOR STERILIZING 
SOLUTIONS OP ORGANIC COMPOUNDS USED 
IN CULTURE MEDIAE 

Glenn A. Greathouse and Neil E. Eiulee 
(Accepted for publication June 27, 1940) 

An important phase of the investigations by the authors on the chemical 
nature of resistance in plants to PhyrndiotTichufn owinivoTum (Shear) Dug- 
gar consists in evaluating the fungicidal activity of various organic com- 
pounds. Some of these compounds have been isolated from plants whose 
resistance is being investigated, while others are known either to be present 
in plants or related to those present. A method of testing in liquid culture 
was chosen as offering greatest promise in indicating the relative toxicity of 
compounds without an attempt to duplicate actual plant conditions. The 
paucity of literature regarding the merits of various methods of sterilization 
made necessary an investigation to develop a technique whereby chemicals 
could be incorporated into sterile liquid media at a definite concentration 
with a minimum of loss or alteration, either of the compound or of the sub- 
strata. 

/Approved by tlie Director as Contribution No. 601, Technical Series, of the Texas 
Agricultural Experiment Station. ’ 



150 


Phytopathology 


[ VoL. 31 


Various sterilization procedures liave been used in testing the laboratory 
effects of chemicals on microorganisms. When tests are conducted for short 
periods only, as during germination of spores, possible fungous or bacterial 
contamination carried by the chemical itself is not likely to interfere with the 
results. For this reason most investigators who have tested fungicidal com- 
pounds in liquid culture and who have used organisms that either grew very 
rapidly or tolerated high concentrations of the fungicide have found it suf- 
ficient to make up the chemical in water and add the required amount to the 
sterile medium. This procedure is inapplicable, howevei’, when the tests 
extend for a long time and the solution of the compound added is so dilute 
as not to be self -sterile. Difficulty with these methods is encountered also 
with substances which are sparingly soluble in water. Filtration through 
Berkefeld or other suitable filter has been used to avoid possibility of decom- 
position by heat. But, because of the time and equipment required and the 
uncertainty of complete sterilization (11), it becomes a burdensome task 
when there are several solutions to be tested. Another procedure, sometimes 
used, consists in weighing the required amount of chemical into a dry flask, 
autoclaving, and then adding sterile medium to the flasks. This is time-con- 
suming, particularly with liquids, since they are difficult to weigh and trans- 
fer in small quantities. Moreover, the more volatile ones are apt to be lost 
unless the flask is tightly stoppered. Neither method seemed applicable to 
the present problem ; therefore, further consideration of the matter was 
abandoned. Probably the most commonly practiced method of sterilization 
consists in adding the compound to the medium in the required concentra- 
tion and autoclaving for 15 to 20 min. at a pressure of 15 lb. Where hydrol- 
ysis or decomposition is anticipated, sterilization by steaming at 100° C, on 
successive days has been used instead of heating under pressure. 

In spite of well recognized disadvantages of autoclaving, such as the pos- 
sibility of hydrolysis or other decomposition of sugars, starches, glucosides, 
and proteins, this procedure has been used by several investigators in prepa- 
ration of plant extracts for testing fungous responses. It might be expected, 
moreover, that many oily compounds, such as essential oils and fatty acids, 
would be at least partly lost by volatilization. Apparent loss of potent frac- 
tions from onion juices on heating was recognized by Walker, Lindegren, and 
Bachmann (14) and by Brown (1). Walker and Link (15), how^ever, in a 
subsequent investigation on the toxicity of phenols to fungi apparently auto- 
claved the compounds in presence of the culture medium. There seem to be 
no quantitative studies on losses of known compounds while autoclaving. 

The authors observed extensive losses of organic compounds by volatiliza- 
tion during steam sterilization. Consequently in previous investigations (3, 
4, 9) involving the fungicidal testing of compounds, the chemical was dis- 
solved in 95 per cent alcohol and the desired quantity (usually not more 
than 1 ml.) added to each dry sterile flask by means of a micropipette. The 
flask was then allowed to stand at room temperature until the alcohol had 
completely evaporated through the plug (1-2 days), leaving the sterile com- 
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pound ill the flask. Sterile medium was then added quantitatively. For 
such aseptic addition of medium, the automatic zero pipette described else- 
where was rapid and accurate (10). The alcohol technique also is ap- 
plicable to the sterilization of mixtures, such as alcoholic solutions of plant 
extracts. Substances less soluble in alcohol, such as sugars and glucosides, 
can be sterilized by weighing the dry sample into a sterile flask, adding suf- 
ficient alcohol to wet the sample and allowing the alcohol to evaporate. This 
alcohol-sterilization method possesses the great advantage of no possibility 
of alteration from heating, and is satisfactory for most compounds. Liquids 
with appreciable vapor pressure at room temperature are, however, inclined 
to volatilize with the alcohol and thus be lost. In a few cases there seems to 
be creeping of solid compounds into the neck of the flask, possibly by a pro- 
cess of sublimation. Where loss occurs by volatilization, it was found ad- 
visable to pipette 0.5 ml. or less of 50 per cent alcoholic or 0.25 ml. or less of 
95 per cent alcoholic solution into the sterile flask either before or after the 
sterile medium was added. In this way there was no loss by evaporation. 
The disadvantages of this procedure are that the smaller quantities are less 
readily measured with the same precision and rapidity as are larger quan- 
tities, and that, under certain conditions, the presence of alcohol might be 
objectionable. Satisfactory sterilization was obtained with the described 
alcohol method. The number of contaminations resulting from the entire 
technique never exceeded 5 per cent. 

In this investigation the losses by autoclaving, by intermittent steaming, 
and by use of the original alcohol-evaporation technique are compared, using 
representative organic compounds. In testing the autoclaving procedure, 
the compounds were added to water and to 2 liquid media used for culture 
of fungi, Czapek'" and No. 70,^ in order to observe the effect of the nature of 
the solution on the amount of loss. From these tests it should be possible 
to estimate the conditions under which each sterilization procedure is 
applicable and to formulate general rules for the sterilization of various 
types of compounds. 


METHODS 

The compounds used are representative of the various types of organic 
molecules that have been encountered either as fungicides or as plant con- 
stituents. The list contains examples of compounds that are varied in char- 
acteristics with respect to chemical classification, stability, vapor pressure, 
solubility, and state of aggregation. The concentration was in all case^ 
0.01 M, since this strength was one which could conveniently be determined 
with accuracy and was one extensively encountered. The samples were ob- 
tained by adding 1 ml. of stock solution in alcohol to 50 ml. of water or eul- 

sted^of : MgSO,, 0.5 g.; KH^PO^, 1.0 g.; KCl, 0.5 g.: 

FeSO^-THaG, 0.01 g. 5 asparagm, 1.0 g.; dextrose, 30 g.; water 1000 ml. > 

8 Modified nutrient solution No. 70 consisted of: MgSO., 0.75 a* • K„HPO 
NH4NG8, 1.00 g.j KOI, 0.15 g.j and dextrose, 40,00 g. per lite:^ ^ After reWval^of 

Steinberg, Mn- Cu- Fe-, Ld Zn- were added at eon- 
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ture medium contained in a 250-mL Florence flask, wlien heat sterilization 
was used, or to the dry flask when the alcohol was allowed to evaporate. The 
flasks were closed with cotton plugs before treatment. Four samples of each 
compound were measured into flasks ; two of these were titrated to determine 
the exact initial amount present and two were titrated after appropriate 
sterilization. The difference between these two figures was computed as 
loss, and the percentage of loss was reported. 

The acids were determined by titration with 0.05 N sodium hydroxide 
using phenolphthalein indicator. The following compounds were assayed 
by means of bromide-bromate solution as described by Kolthoff and Furman 
(6) : aniline, phenol, resorcinol, thymol, 8-hydroxy quinoline, and m-eresol. 
It also was found possible to estimate anisole and resorcinol dimethyl ether 
by the same method; each molecule of these compounds reacted with two 
molecules of bromine. The o-hydroxybenzyl alcohol liberated by hydrolysis 
of salicin \vas estimated by bromide-bromate titration after extracting the 
acidified aqueous solution wdth ether and then removing the phenol from the 
ether with 5 per cent sodium hydroxide. The estimation of quinoline was 
accomplished by precipitation from an acidified aqiieous solution with satu- 
rated picric acid in water, allowed to stand in the refrigerator, filtered, 
washed with cold saturated solution of quinoline picrate and the dry precipi- 
tate weighed. Vanillin, p-hydroxybenzaldehyde, and benzaldehyde, includ- 
ing that from amygdalin, were determined gravimetrically by precipitation 
with 2, 4-dinitrophenylhydrazine, according to Iddles, Low, Eosen, and Hart 
(5). 

The Czapek medium was prepared according to Walker and Link (15) 
and had a pH value of 5.43 ; the medium No. 70 -was prepared as previously 
reported (3, 4) and had a pH value of 6.51. The 15-niin. period of auto- 
claving was accurately regulated, since the amount of loss varied with the 
length of the heating period. The thermostat in the exhaust port of the 
autoclave was set to maintain a temperature of 120° C. Three consecutive 
periods of 30 minutes each in the Arnold sterilizer w^ere used for the flasks 
treated by intermittent steaming at 100° C. The period necessary in this 
type of sterilization is variously given from 15 minutes to one hour. In this 
experiment 30-minute periods were chosen as an intermediate value that 
would give an estimate of the loss to be expected from this type of treatment. 
The positions of the flasks in the sterilizer were changed after each period 
of steaming to insure greater uniformity of treatment. 

RESULTS 

The losses resulting from the various methods of sterilization are shown 
hi table 1. Those incurred on heating solutions of the fatty acids gradually 
increased as the length of carbon chain increased from 1 to 9 ; thereafter, they 
decreased. When the number of carbon atoms was 10 or less, the losses by 
autoclaving in water were less than those resulting from intermittent steam- 
ing in water or from autoclaving in Czapek’s solution and in medium No. 70. 
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However, when the mimher of carbon atoms was more than 10, the losses by 
autoclaving’ in water were greater than those from the other 3 procedures. 
Among the fatty acids up through Cio the losses in Czapek's medium are 
slightly greater than in Medium No. 70. There seems to be little regularity 
among the aromatic compounds tested ; although, in general, the loss from 
water was less than from the two salt solutions. 


TABLE 1 . — Losses of compounds during sterilization 



Evaporation 

Intermittent 

Autoclaving in following 
media: 

Compound 

Ox yOyo 

alcohol 

IUl 

water 

Water 

Medium 
No. 70 

(Jzapek ’s 
solution 

Aliphatic Acids 

Per cent 

Per cent 

Per 

cent 

Per cent 

Per cent 

Formic 

72.4 

2.3 

1.2 

18.3 

25.4 

Acetic . 

46.5 

5.4 

4.5 

20.5 

26.3 

Propionic 

16.1 

9.2 

6.2 

26.3 

30.7 

Butyric 

6.0 

13.5 

9.2 

29.6 

32.8 

Valeric 

1.7 

18.2 

14.4 

30.7 

33.2 

Caproic 

1.6 

24.7 

23.5 

35.8 

40.4 

Heptylic 

0.7 

32.0 

29.8 

42.6 

46.4 

Caprylic 

0.0 

46.5 

36.1 

52.8 

57.1 

Pelargonic 

0.0 

50.2 

48.5 

70.2 

76.8 

Oapric 

0.0 

22.6 

38.6 

60.6 

62.5 

Undecylic 

0.0 

11.5 

19.0 

16.0 

8.8 

Laurie 

0.0 

5,8 

11.2 

7.9 

7.3 

Tridecylic 

0.0 

4.6 

9.0 

8.7 

4.0 

Oleic 

0.0 

1.6 

1.3 

0.0 

0.0 

Aromatic Acids 






Benzoic 

0.0 

3.2 

3.6 

13.4 

22.3 

m-Toluic i 

0.0 

4.6 

4.2 

20.9 

32.6 

Phenols 

■■ 





Phenol 

1.4 


10.0 

16.1 

15.1 

Anisole 

89.0 


96.7 

100.0 

100.0 

m-Cresol 

1.5 


14.3 

21.8 

20.5 

Resorcinol 

0.0 


0.0 

3.4 

1.7 

Resorcinol dimethyl ether 

2.9 


77.2 

71.9 

73.8 

Hydro quinone 

0.0 


0.0 

1.0 

0.0 

Thymol 

5.9 


1 49.8 

63.8 

65.2 

Amines 






Aniline 

8.9 


i 24.8 

31.1 

30.8 

Quinoline 

1.3 


33.0 

28.1 

29.4 

8-Hydroxyquinoline 

0.0 


19.4 

21.5 

19.8 

Aldehydes 

Benzaldehyde 

22.8 


68.1 

62.5 

49.3 

P"Hydroxybenzaldehyde ... 

0.0 


0.0 

0.0 

0.0 

Vanillin 

0.0 


0.2 

0.0 

0.0 

Esters 






Methyl salicylate 

0.0 


74.2 

59.2 

51.1 

Amides 






Pelargonamide 

0.0 


1.0 

4.2 

4.0 

Glucosides 






Sahein 

0.0 


0.0 : 

0.0 

0.0 

Amygdalin 

0.0 


0.0 

0.0 

0.0 


As shown in the table, all fatty acids through tridecylic show appreciable 
volatilization upon heating. Benzoic and toluic acids also are lost, particu- 
larly from nutrient solutions. Less soluble and more volatile substances like 
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the ethers, aiiisole, and dimethoxybeiizeiie, benzaldehyde, and nietliyl salicyl- 
ate are almost completely distilled. On the otlier hand, the more water- 
soluble, less yolatile substances, like hydroqiiinone, resorcinol , p-hydroxy- 
benzaldehyde, and yanillin suffer only slight loss, if any. 

Under the conditions used, no appreciable oxidation of aldehydes, such 
as benzaldehyde, p-hydroxybenzaldehyde, and vanillin, to the corresponding 
acid was found. Hydroquinone seems to be oxidized to a slight extent to 
quinone in medium No. 70, which is less acid than the other media. This 
is in harmony with the observation that hydroquinone is more readily oxi- 
dized by atmospheric oxygen in aii alkaline mediiim. Tlie lack of oxidation, 
even at high temperature, may be attributed either to removal of the air 
from the flask by the incoming steam before oxidation has opportunity to 
occur or to the resistance of the compound to oxidation at the temperature 
and pH of the solution used. There was no detectable hydrolysis during 
autoclaving of any of the solutions of the ester methyd salicylate or of the 
glucosides amygdalin and salicin, as measured by titration of their respec- 
tive hydrolytic products. There was slight hydrolysis of the amide, pelar- 
gonamide, in the salt solutions and in water (4 and 1 per cent, respectively). 
Since all the solutions tested were nearly neutral, the lack of hydrolysis of 
these compounds was not unexpected, although in more acid media, such as 
are sometimes used for culture of fungi, the degree of hydrolysis would be 
expected to increase. 

When the original alcohol-evaporation technique was used, the losses 
in the fatty-acid series decreased as the number of carbon atoms increased. 
The losses were very great with formic and acetic, slight with valeric, caproie 
and heptylie, and zero with caprylic and all others. Anisole, benzaldehyde, 
aniline, and thymol lost more than 5 per cent; all other losses of aromatic 
compounds were slight or zero. When the original alcohol technique was 
modified, and the alcoholic solution was added directly to the nutrient solu- 
tion, there was obviously no opportunity for loss. 

FACTORS INFLUENCING LOSS OF SOLUTE 

The heating of a solution in a steam sterilizer resembles conventional 
steam distillation in that the loss depends upon the vapor pressure of the 
compound in presence of water. It differs from steam distillation in that 
there is no loss of water from the flask, since the vapor pressure of water on 
the outside is equal to or greater than that on the inside. An excellent dis- 
cussion of the principles involved in steam distillation is given by Morton 
( 7 ) . Since the original concentration, temperature, and time of heating are 
the same for all compounds, the relative loss by volatilization of each should 
be proportional to its vapor pressure in contact with water at 100° or 120° C. 
respectively, when the flask is heated. As Morton points out, compounds 
that are insoluble have vapor pressures not substantially altered by the pres- 
ence of water. For soluble compounds, the vapor pressure is given by 
Henry’s law, which states that the vapor pressure of the solute above a solu- 
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tion equals the product of the vapor pressure of the pure solute times its mol 
fraction in the solution. This relation, however, holds only for ideal solu- 
tions and cannot be applied to solutions in water of such polar molecules as 
acids, amides, alcohol, phenols, and amines, so that the amount of loss of 
these substances is not necessarily proportional to the vapor pressure and 
mol fraction of the pure solute. For example, the vapor pressures at 120^^ 
C. of quinoline, m-cresol, aniline, and phenol are 21, 49, 97, and 100 mm., 
respectively ; the losses on autoclaving in water are 33, 14, 25, and 10 per 
cent. The abnormal volatility of these compounds has been related to 
degree of hydration (13) and of electrolytic dissociation (8). Even though 
the exact reason for divergence from ideal solutions is not known, it is never- 
theless possible to observe certain relations between the structure of com- 
pounds and their volatility. Compounds with polar groups are more soluble 
and less volatile than those without groups that can be hydrated. As the 
relative proportion of these groups per molecule decreases, volatility in- 
creases. For example, in Czapek’s solution these losses were found : benzoic 
acid 22.3, m-toluic acid 32.6, phenol 15.1, m-cresol 20.5, thymol 65.2 per cent, 
respectively. Dyer (2) found that in steam distillation, with the volume of 
distilling liquid kept constant, the percentage of fatty acid distilled in a 
given quantity of water was proportional to the length of the carbon chain. 
He did not investigate acids with more than 9 carbon atoms. The losses 
from steam sterilization are likewise proportional to the length of carbon 
chain through C9 because of decreasing solubility. After that the vapor 
pressure becomes so small because of high molecular weight that the losses 
diminish. When the number of polar groups in a molecule increases, the 
volatility falls oft* : phenol is more volatile than hydroquinone and resorcinol ; 
benzaldehyde is more volatile than p-hydroxybenzaldehyde. When the effect 
of polar groups is altered by esterification or etherification, the loss is greatly 
increased : for example, methyl salicylate is more volatile than salicylic acid ; 
anisole more than phenol ; resorcinol dimethyl ether more than resorcinol. 

The volatilities of certain isomeric compounds are influenced by the posi- 
tion of the substituents, whether ortho, meta, or para. Sidgwick (12) has 
found that ortho compounds often have the ability to form chelate rings, 
which lowers their ability to associate either with water or with themselves, 
and increases their volatility. In this investigation o-toluic acid was found 
to be more volatile than m- or p-toluic acids, as would be expected from 
Sidgwick ’s data. 

Virtanen and Pulkki (13) have derived an equation from which they 
obtained a constant h to express the relative volatility of compounds with 
steam. In table 2 are arranged a number of compounds for which both the 
^ value (taken from the article by Virtanen and Pulkki) and the loss upon 
sterilization are given. There is close agreement between the h value and 
the amount of loss. 

In most cases the amount of loss from water was different from that with 
the two salt-containing media. This may have been a combination of the 
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TABLE 2 . — Comparison of the volatility of organic eo7npoun(Is in steam distiUaMon 
with the losses on steam sterilisation 


Compound 

Constant Tc of Vir- 
tanen and Pulkki 

Loss on auto- 
claving 

LosvS on intermit- 
tent steaming 

Benzoic acid 

0.270 

3.6 

3.2 

Formic acid 

0.370 

1.2 .1 

2.3 

m-Toluie acid 

0.420 

4.2 1 

4.6 

Acetic acid 

0.657 

4.5 i 

5.4 

Propionic acid ......... 

1.24 

6.2 ! 

9.2 

Plienol 

1.94 

10.0 


Butyric acid 

1.96 

9.2 

13.5 

Aniline 

5.51 

24.8 


Thymol 

12.0 

■ 49.8 1 


Benzaldehyde 

18.0 

68.1 1 



factors of hydrog*en-ioii and of salt concentration. Czapek’s inediiim, which 
was more acid than medium No. 70, caused greater losses with the more solu- 
ble acids j and it is possible that the decreased solubilit.y of f attw acids in the 
more acid solution was a factor in this loss. Virtanen and Pulkki (13) have 
found that the addition of salt brings about a very great change in volatility 
and that all salts do not behave similarly, as some are more elf ective than 
others in increasing volatility. Also it was found that certain acids were 
affected more by the presence of salt than others. A similar variation in loss 
was found during autoclaving. 

Since the flasks are plugged with cotton during the sterilizing period, the 
phenomenon of diffusion may play a role in the losses both from heat sterili- 
zation and from the alcohol treatment. The interstices betw^een the cotton 
fibers are, however, so large compared with the size of molecules that the 
plug is permeable to all molecules. To test the effect of the cotton plug on 
amount of loss on heating, duplicate sets of flasks, with and without plugs, 
were autoclaved for 15 minutes at 15 pounds^ pressure and the losses deter- 
mined. The ratio : loss without plug/loss with plug for the acids tested were 
as follows : acetic 1.16, propionic 1.22, butyric 1.30, valeric 1.29, caproic 1.32, 
heptylic 1.28, caprylic 1.37, pelargonic 1.25, capric 1.24, xindecy lie 1.05, 
lauric 1.29, tridecylic 1.15, benzoic 1.25, o-toluic 1,38, m-toluic 1.35, p-toluie 
1.76, average 1.29, These ratios appear to fluctuate around a mean of 1.3 
and are not noticeably affected by the molecular weight. The first value and 
the last 5 are probably less exact than the others because the differences on 
which they were based were very small. 

An evaluation of the factors involved in the loss of solute in presence of 
evaporating alcohol is very difficult, since the vapor pressures of most or- 
ganic compounds are very slight at room temperatures and are not known 
in presence of alcohol. As would be expected the relationships are very 
different from those in water because of different solubility properties. The 
only compounds lost are those that are appreciably volatile ; and it is diffi- 
cult to say whether more or less would be lost if they were present alone in 
the flask. On the other hand, some compounds having marked affinity for 
water seem less volatile than would be expected because they remain in solu- 
tion with the water from the 95 per cent alcohol. In general, this method is 
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satisfactory with solids and liquids of high boiling point ; with more volatile 
liquids a preliminary test should be made with this as with any other method 
to determine whether the amount of loss is such as to make a modification 
advisable. ; i 

SUMMARY AND CONCLUSIONS 

The losses from a number of typieah organic compounds at 0.01 M con- 
centration were compared by the following methods of sterilization: ( 1 ) by 

autoclaving in presence of water, medium No. 70, and Ozapek’s solution, 

(2) by intermittent steaming in presence of water, and (3) by alcohol. With 
the series of fatty acids, the losses incurred by heat ti’eatment increased pro- 
gressively from formic to pelargonic and then decreased. For acids with 
fewer carbon atoms than 10, the losses were greater in the salt solutions used 
as media than in water; for most of the other compounds tested the differ- 
ences were slight. There is close agreement between the volatility of com- ‘ 

pounds in steam distillation reported by others and the amount of loss on ' 

steam sterilization. The more water-soluble and strongly polar compounds |i 

(alcohols, phenols, acids, amides, amines) are vaporized to a smaller extent 

than the more volatile, less soluble and less strongly polar compounds (esters, 

ethers, aldehydes, hydrocarbons). The amount lost, when the flasks are i 

autoclaved without cotton plugs, is about 1.3 times that lost with plugs. Of 

all the 33 compounds tested, only formic, acetic, and propionic acids suffered ^ 

greater losses by sterilization with the original alcohol evaporation technique - 

than by heat treatment. The data seem to warrant the following conclusions 

regarding the applicability of the various methods tested : ] 

1. Autoclaving of most liquids, particularly the less soluble, more vola- 
tile ones, gives rise to appreciable losses. The amount of volatilization from » 

culture media containing salt is usually greater than that from water alone. ' ' 

The losses from intermittent steaming may be even more pronounced than ' 

those from autoclaving, depending upon the temperature and heating period 
in each ease. 

2. There is usually little loss by vaporization of solids, particularly the 
more soluble and less volatile ones. 

3. There is no appreciable hydrolysis of esters, glucosides, and amides, 
nor oxidation of aldehydes and hydroquinone in approximately neutral 

solution. 

4. Except for the most volatile compounds, losses by the alcohol-sterili- 
zation technique given are negligible. Where such losses do occur, they can 
be avoided by adding concentrated solutions in 50 to 95 per cent alcohol 

directly to the medium. 

5. When a great degree of accuracy is required one should test the con- 
templated method of sterilization to determine whether it is applicable to the 
types of compounds under consideration. 

Bureau of Plant Industry, 

U. S, Department op Agriculture, and 

Texas Agricultural Experiment Station, 

College Station, Texas. 
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FUNGI ASSOCIATED WITH DISEASES OP COTTON SEEDLINGS 
AND BOLLS, WITH SPECIAL CONSIDERATION OP 
GLOMERELLA GOSSYPII 

B . W E I N D L I N G , P . B M I L Ti P R A x- rv A T tt 

> L L E R , A N D A . J . U L L S T R U P 

(Accepted for publication July 10, 1940) 

intwijaP presents the results of an investigatiou designed to obtain 
iMormation regarding the relative distribution and importance of the fungi 
associated with dampmg-off of cotton seedlings, and with cotton boll rot."^ 

MATERIALS AND METHODS 

. ‘'inougnout the Ootton Belt, each composite sample being 
considered representative of the field whence it came.^ These samples were 

tonandOth«KberGr5'i“^^^^^^ cooperatively by the Division of Cot- 

o£ the Bureau of Plant Indnst^. On Mmnlethin^fpnT and Disease Survey 

issued (3, i, 5, 6) . ^ un completion of each separate snivey a report has been 

leeted and sent in mueh^^^the matwial^^ cooperation of various individuals who col- 
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sent to the laboratory at the South Carolina Agr 
tion, Clemsoii,, Sonth Carolina, for cnltnring and 
involved. 

As seedlings were received in 
single sample, thorongl „ 
so as to leave the lesion and a smj 
seedling pieces were snrface-steril 
a sodium hypochlorite solution containing 
and then transferred directly to Petri plates w 
Five pieces were placed in ( 
at room temperature (24-27° C.) 
growing out of the plated tissues were 

the incubation period. In cases \ 

subcultures were made for further study, 
of this extent most cultures of the genus Fiisarmm 
forme Sheld.) could not be identified. 

The boll samples were treated similarly. Ten bolls from each sample 
were used for culturing. A piece of diseased carpel tissue was cut from 
each boll ( i x 1 cm. ) , surface-sterilized, and plated on water agar. In addi- 
tion, scrapings were made from lesions of bolls, using 3 bolls per sample. 
If Glomerella gossypii (South.) Edg. was not found, more bolls and the 
bracts were examined. The scrapings were mounted in drops of water on 
glass slides and observed for spores of the various fungi. ^ ^ 

The method of plating on water agar followed by direct microscopic 
examination deserves repeated emphasis. In the majority of seedling and 
boll lesions containing Glomerella gossyptif this fungus is found to be asso- 
ciated with Fusarium or AUernaria spp. On ordinary media, such as 
potato-dextrose agar, these saprophytes overgrow G. gossypii in most cases. 


* - * L the laboratory, 25 were taken from each 

:hly washed, and the diseased portions trimmed down 
of noninfected hypocotyl. These 
5 min. with frequent agitation in 
1.5—2 per cent available chlorine, 
dth 10 cc. of hard-water agar, 
each plate and the plates incubated for 1 week 
Microscopic observations on the fungi 
j carried out during and at the end of 
where the identity of a fungus was in doubt, 
It is apparent that in surveys 
(except Fusarium monili- 


PiG. 1. Glomerella gossypii and Fusarium moniliforme growing out of a seedling 
e. Note tendency ot'^F. mouiliforme to obscure spore groups of G> gossypii. S, seed- 

piece; G, and E, 
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Even on water agar, the profuse development of the fimgi is likely to 
obscure the short conidiophores of G. gossijpii unless careful focusing of the 
microscope is employed in observing each plated specimen (Pig. 1). " 

RESULTS 

The most striking finding of this investigation is that, in 1938 and 1939 
Qlomerella gossypii was widely distributed throughout the Southeastern 
States, as indicated by the percentage of samples of diseased seedlings and 
bolls in which it occurred (Tables 1, 2, and 3). In addition, this fungus 
was the predominant organism within most lots of diseased seedlings (Tables 
1 and 2). The known virulence of G. gossypii as a seedl ing pathoaen iusti 
fies emphasis of this fact. J ■ 


.TABLE 1. Fercentages of Glomerella gossypii isolated from seedlmna /imU -h^n 
during four surveys, in terms of sample lots and individual specimens ' ^ ^olls 


Materials 

G. g.a on seedlings 

G. g. on bolls 

1938 

1939 i 

1938 ■ 

1939 

Sample lots 

Individual specimens . . 

Pe?* cent 
82.3 

b 

Per cent < 
89.4 

56.8 

Per cent ' 

85.8 

1 38.1 

Per cent 
73.0 

29.9 


3 1,2, and 3 : 


n All X 

\:x. g.~^Glomerella gossypii 
Rh. s. — jRhwoctonia solani 
F. m . — Fnsarium moniliforme 
F. spp.—Fusarium species other than F. moniliforme 
spp. — Alternaria species, 

1938 da“aiSfteX?sVe^^^^^^ In 

Of predominance of the fimgi wfthin sample^lots!'''^'^ expressed in terms 

^rountof the results from individual States for the 4 

soHL Lta frequently encountered. To facilitate eompari- 

saLle loi "".f ''' percentage occurrence of fungi in 

mple lots, i.e., the percentage of samples in which the respective fungi 
occurred one or more times. At the bottom of the tables tL total per 

rnt^%Toccr" that on individual speci- 

Tmln to dir . ^ -^ditional fungi was sufficientlv 

ficoln Tal ?T1 spp., Diplodia spp., Sderotium hata- 

Ucola Taub., Sclerohum rolfstt Sacc., AspergUlus spp., and Chaetomium spp. 

Seedling Study 

“ tlie 2 years is evident from table 2. Bhizoc- 

appeared generally in a low 
percentage of samples, though sectional and seasonal variations are evident 


TABLE 2 . — Frequency of occurrence of fungi isolated from diseased cotton seedlings in 1039 and 1938 
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not occur in most cotton fields under conditions that make it as destructive 
as the seed-borne G. gossypii (Fig. 2) . 


of cotton seedlings caused by Glomerella gossypii (left of con- 
trol and EMsoctonia solani (right) . Infection with G. gossypii was secured by seed 

inoculation ; that with E. solani by infesting the substratum three days after planting the 
seed. Seedlings of the variety Miller 610 grown for two weeks in flats with steamed 
sand. 

The virulence of Glomerella gossypii as a seedling pathogen has been 
reported by early investigators (I; 2). Kecent work with numerous isolates 
from seedlings (8), and bolls (Weindling, unpubl.) obtained in the present 
work showed that all were highly pathogenic to cotton seedlings. Fusarnim 
moniliforme^ does not appear to be a primary pathogen of damping-off of 
cotton seedlings. It has been reported, however, that some of the isolates 
of this fungus cause root rotting of older seedlings and young plants under 
certain conditions (9). The fungus is found often on the roots of healthy 
plants. On diseased seedlings obtained in this survey, it occurred very fre- 
quently in association with G. gossypii. Fusarium often grew out of the 
seedling piece adjacent to the root. It is difficult at present to evaluate the 
significance of the high percentage of F. moniliforme obtained. The same 
is true for the various other species of Fusarium isolates, since little is known 
regarding their pathogenicity to cotton seedlings. Occasionally, B. solani 
was found associated with G. gossypii. In such eases it is difficult to say 
which of the organisms was the primary invader. 
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Failure to obtain Glomei^ella gossypii from any of the Oklahoma samples 
is very striking. The organism was found in samples from Texas in 1938 
but not in 1939. The 1938 samples, however, were from experimental plots, 
where seed from other States was used. Moreover, the number of samples 
from Texas is too small to give these data mueh signifieanee. 

Boll Study 

In contrast to the high percentage of seedlings found diseased, lesions 
on bolls were relatively rare in the field. However, on diseased specimens, 
Glomerella gossypii on bolls was found widely distributed in both years, as 
indicated by its high percentage occurrence in sample lots (Table 3). The 
percentage frequency on individual bolls, however, was consistently smaller 
than on seedlings. In Texas and Oklahoma, the fungus was found in only 
a |few of the eastern counties, 3 in Texas and 1 in Oklahoma. When the 
data from these 2 States are omitted, 80.4 per cent of samples cultured in 
1939 yielded G. gossyiyvi. The total percentage (including scrapings) was 
90.0. 

AUernaria spp. and Fusarium moniUforme averaged to occur about as 
frequently as did Glomerella gossypii. There w'as, however, considerable 
variation in the occurrence of these fungi from year to year and from State 
to State. The relatively small number of Fusarmm spp. noted in 1938 may 
be attributed to the fact that the 1938 survey was limited to the latter part of 
the season. 

DISCUSSION 

The scarcity of Glomerella lesions on cotton bolls, when considered in 
relation to its abundance as a seedling parasite, requires further considera- 
tion. The assumption that the seed is the principal source of the seedling 
inoculation is supported by the results of seed treatment ; but both the small 
number of boll lesions, as well as the appearance of these lesions, challenge 
this assumption. 

The number of boll specimens observed in advanced stages of rotting was 
small. Most lesions on the bolls consisted of spots of varying sizes. Spores 
of Fusarium spp. or Glomerella gossypii were found rarely bn the surfaces 
of these lesions. Except in such cases, the external appearance of lesions 
gave no clue as to what fungus might be isolated on plating. Many of these 
lesions were well-defined, sunken brown spots, often surrounded by irregular 
water-soaked areas (Fig. 3). Initial lesions, however, consisted either of 
raised, water-soaked spots of dark-green appearance or of purplish marks 
and spots. On culturing, these spots, as well as lesions exhibiting more 
general rot, usually yielded G. gossypii, or AUernaria spp., or Fusarmm 
spp., or any combination of them. Water-soaked spots in the very first 
stage of development, however, were, in a number of eases, found not to 
harbor fungi but Bacterium malvacearum E.F.S. only. This suggests that 
G. gossypii may often behave like AUernaria spp. and Fusarium spp., which 
are considered mainly as secondary invaders entering bolls through lesions 
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Fig. 3. Bolls collected from a field sliowing an unusual amount of anthracnose boll 
rot. Note raised water-soaked spots at the edge of lesions or separate. 

caused by other agents. Apparently, boll-weevil punctures are important 
courts of entry, particularly in the latter part of the season. 

Barre (1) and Edgerton (2) published work on anthracnose boll rot 
about 30 years ago. They discussed sunken, brown spots similar to those 
described above as intermediate stages of anthracnose at which development 
may stop under conditions unfavorable for the disease. These authors de~ 
scribed the characteristic symptoms of the disease as a severe rot, involving 
much of the tissue, which becomes covered by the pasty, pink spore masses 
of the fungus. Conditions at present may be less favorable for the disease 
than those existing at that time. The large late-maturing cotton of pre-boll 
weevil days has been replaced by varieties emphasizing early maturity. 
They lack the abundant foliage that shaded the bolls formerly and provided 
proper conditions for boll rots. The ability of the anthracnose fungus to 
invade uninjured tissues of flowers and young bolls was demonstrated by 
Barre and Edgerton. Probably, the change to the open-type cotton plant 
decreases the chances for G, gossypii as a primary invader. 

The survival and spread of Glomerella gossypii between seedling- and 
boll-disease stages also was investigated by Edgerton (2). The fungus was 
found often in dead portions of stems and leaves of cotton. Observations in 
1939 proved all this to be still true. Dead portions of leaves from various 
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fields, when placed in moist chambers, often yielded an abundance of spores 
of ft gassy pii within a day or two. Moreover, G. gossy2ni was frequently 
isolated from lesioned, as well as apparently healthy, stems of cotton plants 
past the seedling stage. The fungus grew out of surface-disinfected por- 
tions of such stems that had been secured from plants in the field and also 
from plants artificially inoculated at the seedling stage in the greenhouse. 
It appears, therefore, that G. gossypii exists and is disseminated during this 
period mainly as a saprophyte. This assumption is supported by the fact 
that the fungus is capable of immediate development and sporulation on 
dead parts of plants provided sufficient moisture be present. 

The scarcity of anthraenose rot on bolls in Oklahoma and Texas is evi- 
dently attributable to unfavorable dry conditions, which prevent the fungus 
from living through this j^eriod, producing spore masses, and infecting bolls. 
The disease was not found in 1939 west of a zone characterized by 
Thornthwaite as moist subhumid (7) in his maps of climatic provinces based 
on precipitation effectiveness. Furthermore, percentages of ft. gossyjni on 
bolls from Arkansas and Louisiana were much lower than on bolls from 
States farther east, indicating the existence of a transition zone in regard 
to summer survival. 

No difficulty was experienced by the earlier investigators in explaining 
damping-off due to Glomerella gossypii, since Glomereila spore loads of 
6,000-30,000 per seed were common on their material. Comparable tests 
(washing of seed followed by centrifuging of the washings) were recently 
made. In general, much lower spore loads were obtained. Research in 
progress indicates, howwer, that small spore loads may bring about a con- 
siderable amount of damping-off. Investigations 'vvere begun, therefore, to 
determine w’hether or not the spores of the fungus are distributed within 
seed lots and perhaps to other lots by mixing of seed and trash — ^hulls, un- 
broken locks, and other debris — during the ginning process. In preliminary 
studies conidia of ft. gossypii were obtained in abundance from all trash 
samples secured from the gins. This apparently accounts for the consider- 
able amount oi Glomerella on seed obtained from fields in wdiich very little 
or no anthraenose boll rot was apparent. 

SUMMARY 

Extensive surveys of diseases of cotton seedlings and bolls have been con- 
ducted for 2 years. Random samples were secured from a wide area cover- 
ing mainly the eastern part of the Cotton Belt. Fungi were isolated from 
these samples by standardized culture methods. 

Glomerella gossypii, which is a virulent seedling pathogen, w^as the pre- 
dominant organism in most lots of seedlings from the Southeastern States. 
The fungus was found widely distributed over this area on bolls as well as 
on seedlings, generally prevalent on seedlings but relatively rare on bolls. 
It is emphasized that special methods, facilitate identification of the fungus. 

BUzoctonia solani, also known to cause severe damping-off^ was isolated 
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from a relatively small number of seedlings. It was found, however, to be 
rather widely distributed. 

Fusaritim spp., including F. moniliforme and unidentified sjpeeies, as well 
as spp. were very frequently found on diseased seedlings and ^ 

bolls. 

In this study severe rotting of bolls and the characteristic pink spore ’ 

masses of Olomerella gossypii were rarely observed. Most boll lesions from 
which (t. gossypii isolated were limited spots, indistinguishable from 'i 

those caused by other microorganisms. It is suggested that this change in 
type from symptoms described in early literature is due mainly to unfavor- 
able conditions for the disease, brought about by the adoption of early matur- 
ing eotton varieties of open type. 

The survival and dissemination of G. gossypii from the damping-ojff stage ^ 

to the boll-rot phase apparently is accomplished through the saprophytic ^ 

activity of the fungus on dead tissues of stems and leaves of the eotton plant. 

The scarcity of anthracnose boll rot in Texas and Oklahoma is probably 
attributable to unfavorably dry conditions preventing the fungus from sur- 
viving this period. Transition zones in which anthracnose boll rot decreases i 

from east to west coincide with zones of plant growth, based on climatic 
features. ' 

Evidence has been obtained that mixing of seed and infested trash dur- 
ing ginning may be responsible for the spread of the fungus on seed. In ^ 

spite of the relatively small number of diseased bolls, seed may thus be * 

infested sufficiently to cause damping-off of seedlings. i ' 

Bureau of Plant Industry, U. S. D, A., 

South Carolina Agricultural Experiment Station, I 

Clemson, South Carolina. 
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MORPHOLOGICAL AND ANATOMICAL FEATURES OP PHYLLODY 
IN VARIETIES OP TOMATOES AND BEANS^ 

B . F . D A N x\ 2 

(Accepted for publication July 1940) 

Investigatioa of phylloid blossoms produced by big bud in tomato and 
a similar disease on beans (6) has revealed a close relationship between the 
morphological change in these blossoms and the vascular anatomy of these 
species (5). This study was greatly facilitated by published researches on 
normal floral anatomy by Eames (7), Cooper (4), Guard (8), and Arber (1). 

Phyllody (a vegetative change in the flower by which some or all of the 
parts of the flower become more or less leaflike) appeared in flowers of tomato 
and bean on branches developing late in the season. In most of the affected 
plants there was an actual increase and clustering of these branches into 
witches’ brooms. In common bean there was frequently a development of 
secondary structures (proliflcation) by the original phylloid flower. The 
flower in these eases gave rise to secondary or accessory phylloid flowers 
inflorescences of phylloid flowers, or normal-appearing shoots. 

Eyension of the floral axis and modifleations of the carpels of tomatoes 
and beans appeared to follow a pattern determined by the normal floral 
anatomy of the species. Phyllody and proliflcation in the bean may furnish 
infomation bearing on evolutionary history of the legume carpel about 
which there has been a difference of opinion (Arber (1), Bancroft (2) 

Eames (7), Kausik (9), and Saunders ( 12 )). ’ 

TRANSFORMATIONS IN PISTILS OP PHYLLOID FLOWERS 
Phylloid Carpels in Tomato 

In the extreme phylloid or vegetative condition, carpels were represented 
by individual kaflets. In intermediate forms these leaflets adhered at their 
^rgins forming a somewhat lobed, phylloid ovary, pointed at the top 

L f h ^ slightly affected were more rounded in shape 

but had a somewhat enlarged and persistent style (Pig. 1, B). 

Phylloid Carpels in Beans 

In phylloid flowers of common, Lima, and soy bean, transformations in 
the pistil were all snoilar. At one extreme the ovary appeared as a wrinkled 
e-like pod (Fig. 2). At the other extreme it was changed to a normal- 
appearing leaf (Pig. 3). Intermediate forms (Pig. 4) occurred in common 
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1. Pliylloid tomato blossoms. A. Calyx and corolla composed of individual 
pliylloid members separated by an extension of the axis. B. Calyx cut and laid back to 
show axis e:rtension, little changed petals, stamens clinging to ovary, and beaked ovary. 

Bnylloid flower dissected to show: left, corolla,* center, axis extension between perianth 
whorls, and beaked ovary j right, united calyx. 

and soy bean bnt, probably because of more limited material, were not ob- 
served in Lima bean. In all cases the attachment of the phylloid carpel 
was lateral on the axis. This is in agreement with the findings of Eames 
(7) with respect to the normal legume carpel. A range of specimens was 
available for tracing intermediate forms from the infiated wrinkled pod to 
the symmetrically-formed and to all appearances normal leaf with petiole. 

The Sac-like Ovary. This form was perhaps more common in phylloid 
flowers than were the expanded leaf forms. It resembled a swollen pod 
with the pod walls very much wrinkled and folded (Pig. 2, A and B). It 
had the appearance of a leaf folded upwards on the midrib and joined at 
the margins in a suture. In many specimens the phylloid ovary had partly 
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• i. bean. A. (1) Persistent i^erianth enclosing stamens, and clasping 

internode— axis extension between stamen wlioiT and attachment of carpel (2) sac-like 
wrinkled carpel with attachment clasping node indicating lateral position. (3) secondary 
iimorescences bearing phylloid flowers. B. Portion of inflorescence showing sac-like 
phylloid ovaries. ^ 

split along the placental suture, usually exposing one or more leaflets at- 
taehed ahernately along the separating margins. With minor variations 
the sae-like ovary ms common in phylloid blossoms of common, Lima, and 
soy beans. Guard (8) found that in the normal flower of the soy bean the 
pistil, early in its development, is a leaf -like carpel folded on its midrib 
with margins scarcely touching and that, before the margins coalesce, pro- 
tuberances that later give rise to ovules are produced alternately on the 
inner surface of these carpel margins. This correlates closely with the 
characters found in legume carpels described above. 

Leaf with Marginal Veining. Intermediate between the sac and leaf 
forms of ovary transformation was a petiolate leaf form with heavy mar- 
gmal veining. Many of these were cupped and appeared to result from 
the splitting open of the sac forms. This form could be readily duplicated 
by carefully dissecting the larger sac forms. Marginal leaflets were always 
present (Fig. 4) . Perhaps because of limited material this form was not 
observed in Lima bean. It is interesting to note a statement made by Eames 
(7) that the primitive angiospermous carpel was a palmately veined struc- 
ture with strongly developed lateral veins and bore marginal ovules. Arber 

(1) has traced the historical aspects of this concept. 

Leaf with Normal Form and Yemtion. A further transformation in the 
ovary was represented by a perfectly formed leaf with 3 leaflets (Fig 3) 
Intermediate forms exhibited marginal lobes in the main leaflet and, oeca- 
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Fig. 3. Pliylloid blossom of common bean showing excessive phyllody in perianth, 
leaf form of phylloid carpel, and accessory shoot extension of the axis. 

sionally, partial marginal veining. These intermediate forms indicate that 
the center leaflet corresponds to the leaf with heavy marginal veining and 
to the main body of the sac-like forms. The basal leaflets in opposite posi- 
tions correspond to marginal leaflets reduced in number. The basal leaflets 
were lacking in many specimens, especially in accessoiy phylloid flowers 
(Fig. 2, A). 

Ovular Leaflets. These were most symmetrically arranged on the leaf 
forms with heavy marginal veining (Pig. 4), in alternate fashion along the 
two heavy marginal veins. Dissections showed that these marginal veins 
constituted the placental suture of the closed type of transfoi'med ovary. 
The position of these leaflets in the closed forms corresponds to the position 
of the ovules in the normal pod. This indicates that these leaflets are 
analagous in origin to the ovules and may be interpreted as phylloid ovules 
or '^ovular leaflets. In the leaf form of phylloid ovary these leaflets were 
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„• prolifieation. Carpel of original flower represented by mar- 

ginal-veined leaf with ovular leaflets attached in alternate positions. Accessory phylloid 
flower shows ovary replaced by petiolate three-parted leaf. p “ 

reduced to two in number and were situated at the base of the mairi leaflet. 
There were intermediate forms with leaflets appearing as lobes of the center 
leaflet. The heavy marginal veins disappeared simultaneously with the mar- 
ginal leaflets as these were reduced to two in number, placed at the base of 
the main leaflet. Bose and Misra (3) have recently described leafy ovules 
in phylloid flowers of the legume species Grotalaria juncea. 

EXTENSION OP THE AXIS IN PHYLLOID FLOWERS 

Extension between Whorls of the Flowers 
In Tomato. In the phylloid tomato blossoms there was a pronounced 
extension of the axis between the calyx and corolla whorls (Fig. 1, A, B, and 
C). In external view and cross section the extension was not greatly unlike 
the pedicel of the individual flower. In some phylloid flowers there were also 
extensions of the axis between the stamens and the pistil. No cases were 
observed of extension of the axis beyond the ovary in the form of shoots 
In Beans. _ No extension of the axis between calyx and corolla whorls 
was detected in phylloid blossoms of common, Lima, or soy bean. In this 

respect they differed from the tomato. 

An extension of the axis, or formation of an internode, between the 
stamens and the pistil was evident in phylloid blossoms of several varieties 
and strams of each of the 3 species of Leguminosae listed above. In common 
bean (Pig. 2) this extension of the axis or internode was similar in appear- 

t*"?! ® phyUoid blossom and ranged up to about an inch 

ength. It was proportionally shorter in the soy bean and Lima bean than 
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in common bean. An internode in tbe same position was evident in the 
accessory pbylloid flowers borne on the accessory inflorescences. 

Accessory Flowers, Inflorescences, and Shoots 

Accessory flowers, inflorescences, and shoots were observed in common 
bean. Single phylloid flowers, or simple inflorescences with phylloid flowers, 
or both flowers and inflorescences were borne at the node situated at the 
base of the pistil of the original phylloid flower (Fig. 2, A) . These accessory 
flow^ers exhibited the same transformations found in the original flowers, 
although petals in accessory flowers were proportionately larger than in the 
primary flower. A few instances were observed of accessory flowers that 
produced other accessory phylloid flowers. 

Oceasionally, instead of developing as an accessory blossom, the axis was 
extended into a shoot (Fig. 3) of normal appearance. Excessive vegetative 
change also was apparent in the perianth of these specimens. Extension of 
the axis into a shoot is in harmony with the findings of Eames (7) that the 
legume carpel is lateral, rather than terminal, as is held by Saunders (12). 

Anatomical Eelationships 

Anatomical data for normal flowers are an aid in interpreting axis ex- 
tensions in phylloid flowers. In a study of the development of the normal 
tomato flower, Cooper (4) found that stamens are adnate to the throat of 
the corolla because of early merging of the meristematic zones that give 
rise to the corolla and stamens. This close association indicates virtual 
absence of an internode at this point and doubtless explains the absence 
of axis extension between corolla and stamens in the phylloid tomato flower. 

Anatomical studies by Moore (10, 11) show that in normal flowers of 
the tribe Phaseoleae, vascular elements for perianth, pistil, and disc leave 
the stele in a combined bundle, which indicates a complete lack of inter- 
node, and suggests an explanation for the absence of axis extension in this 
region of phylloid blossoms of common, Lima, and soy beans. Schaffner 
(13) calls attention to the fact that in certain species of angiosperms there 
is an elongated internode between the stamens and the pistil of normal 
flowers. As examples he cites Michelia and species of Oeum, 

MODIFICATIONS IN PERIANTH AND STAMENS OP PHYLLOID FLOWERS 

Phylloid Perianth 

In Tomato. The calyx in phylloid blossoms of tomato was often greatly 
expanded, with sepals united. This union of the segments was indicated 
by clear bands (Fig. 1? C). The greatest enlargement of the calyx appeared 
in phylloid flowers borne on the older parts of the plant. In these flowers, 
as well as those on young shoots, the enlarged calyx formed a tube enclosing 
the other parts of the flower. An apparently rare variation from the en- 
larged calyx tube was found in one specimen. Here the calyx was repre- 
sented by narrow and severely streamlined leaves (Fig. 1, A) arranged in 



m 




■ 


174 


Phytopathology 


[VoL. 31 


a whorl about the axis. Cooper (4), in studying floral development in the 
tomato, found that primordia for members of the floral whorls are at first 
separate, which is an aid in the interpretation of the phylloid flowers having* 
individual leaves in the calyx whorl (Fig. 1, A) and those having separate 
petals (Pig. 1, B). 


The corollas of phylloid tomato blossoms usually were not greatly changed 
in appearance. Segments were united only at the base, if at all (Pig. 1, A 
B, and C). Younger blossoms in the inflorescence showed the most enlarge- 
ment of corolla members. The same specimen that showed separate leaf -like 
calyx segments also show’-ed phylloid petals. 

In Beans. The calyx in phylloid blossoms of common, Lima, and soy 
beans usually exhibited comparatively little change or enlargement. In 
the original or primary flower, the calyx was usually cup-shape and partly 
or completely enveloped the corolla. The only exception observed was in 
the specimen (Pig. 3) showing extension of the axis into a shoot. In this 
case, 2 petiolate leaves with single blades represent the calyx. 

Primary phylloid flowei's of the common bean usually exhibited small, 
thin petals, scarcely showing above the calyx. In accessory flowers, petals 
were proportionately more enlarged and leafy. Corolla members of the 
specimen showing extension of axis into a shoot ivere greatly enlarged and 
petiolate. 

A more leaf -like condition of petals of ph^ylloid blooms was common in 
soy bean. There was also a more extensive leafy transformation in the 
carpels of the soy bean. 

Eepressed Stamens 

Stamens of phylloid tomato blossoms were thin, scale-like, and clinging 
to the ovary (Pig. 1, B and C). In common bean stamens were persistent 
and enclosed by the perinath of the phylloid flower. Anthers were normal 
ni shape but appeared empty. There was little indication of expansion 
in any part of the stamens of phylloid flowers in any of the species of 
beans studied. 

SUMMARY 

In phylloid tomato blossoms carpels often were represented by simple 
leaflets adhering by their margins or fully separated. In bean transforma- 
tions, the phylloid ovary varied from an inflated, sac-like structure, throuo'li 
a marginal-veined leaf with marginal leaflets representing the ovules to 
normal-appearing leaves. There was an extension of the axis between 
whorls of the phylloid flower where there was not a close relationship 
(a hesion or union) of vascular traces supplying these adjacent vhorls. 
In common bean there were found secondary or accessory phylloid flowers 
inflorescences with phylloid flowers, and shoots produced by axis extension 

beyond the carpel of the primary flower. 

Vegtative modifications of the perianth occurred in both tomato and 
beans. In extreme cases, members of the perianth whorls were represented 
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by leaf -like striictures. Stamens failed to mature normally but persisted, 
and were separate in the phylloid tomato blossom. 
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EFFECT OF X-RADIATION ON THE GERMINATION OF 
CHLAMYDOSPORES OF USTILAGO HORDEI 

H. A. Eodenhiser ahdL. R. Max-vvell 
(Accepted for publication July 11, 1940) 

Previously, X-radiation of smut fungi has been studied primarily as a 
means of controlling the organisms. Pichler and Wbber (9) have reported 
control of Tilletia triiici (Bjerk.) Wint. by X-radiation, but data presented 
by Tascher (10) indicate that, in general, differentials in the killing points 
of the hosts and smut fungi usually are not large enough to control the para- 
site 'without serious injury to the host. A review of the literature, together 
with original data on X-ray treatments for controlling other fungi, has been 
presented by Tascher (10) . Studies on the effect of X-radiation on sectoring 
in fungus cultures also have been reported. Leonian (5) obtained negative 
results with a large number of the Fusaria as did Johnson (7) with cultures 
of Sclerotium iatattcola Taub., Collyhia dryophila Fr., and Pusarium hata- 
taiis Wr. Dickson (2), however, induced sectoring in cultures of Miicor 
genevensis Lend., Phycomyces Uakesleeanus Burgef., and Chaetomium eoch- 
liodes Pall, by X-radiation. X-rays, up to 6-hour exposures, had little effect 
on the germinating capacity of the latter organism. Irradiation, however, 
affected the mycelial growth from these spores, development becoming less 
with increased exposure up to a maximum of 4 hours. Uber and Goddard 
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(11) studied the effect of x-radiation on Neurospora tetrasperma S. and D. 
and found that the normal growth processes were inhibited at much lower 
dosages than those affecting germination. In the present paper results are 
reported on the effect of X-rays on chlamydospore germination, promyeelial 
and sporidial development, and sectoring in Ustilago horclei (Pers.) K. and S. 

MATEEUL AND METHODS 

An air-cooled, thin- wall, Coolidge X-ray tube, with tungsten anode oper- 
ating under a constant potential of 45,000 volts, gave a continuous band of 
radiation used with maxmium intensity at approximately 0.50 A and a short 
wave length limit of ' 0.27 A. The anode distance was 13 cm., the tube cur- 
rent 7 milliamperes with exposures up to 25 hours. Dosage values were 
measured with a standard open-air ionization chamber (6). The symbol 
“kr.” is used throughout this paper for the abbreviation of a recently de- 
fined^ dosage unit, the kilo-roentgen, equal to 1000 roentgen units. Errors 
in dosage measurement were less than 5 per cent. The chlamydospores of 
UsMago hordei subjected to X-ray treatment were spread in a thin layer on 
the bottom of paper cups approximately 1 cm. square, resting on a cheese- 
cloth diaphragm, to reduce the amount of X-ray back-scattering. 

For germination tests and studies on promyeelial and sporidial develop- 
ment, irradiated and nonirradiated chlamydospores were spread on 2 per 
cent potato-dextrose agar in Petri dishes and incubated at 18° C. Germina- 
tion counts were made on 400 chlamydospores for each dosage value and any 
protrusion of the promyeelium was considered an index of germination. 
Heidenhain’s iron-alum haematoxylin was used as a nuclear stain. The 
procedure was the same as that outlined by Holton (4) for staining nuclei 
of the oat-smut fungi except that diaphanol was substituted for hydrogen 
peroxide as a bleaching agent. 

RESULTS AND DISCUSSION 

Chlamydospore Germination 

The effect of various dosages of X-rays on germination of ehlanivdo- 
spores is shown graphically in figure 1. The percentage of germination of 
nonirradiated spores was exceptionally high and was not reduced materially 
for dosages up to 100 kr. Above this point the time required for germi- 
nation and the number of dead spores increased gradually from dosages of 
150 to 300 kr., measured at 50-kr. intervals. There was a marked decrease 
in the percentage survival at 350 as compared with 300 kr. Chlamydospores 
exposed to 300 kr.^ germinated 72 per cent during 17 hours and 80 per cent 
during 24 hours’ incubation, while the germination of those exposed to 350 
kr. was only 2 and 37 per cent, respectively. Ten per cent germination 
occurred when the spores were exposed to 500 kr., but above this point only 
a trace of germination was observed. Counts made after 48 hours’ incuba- 
tion were not significantly different from those after 24 hours. 

A ^ Kemptoa, j. H., and L. E. MaOTell. Effect of temperature during irradiation on 
tlie x-ray sensitivity of maize seed. Manuscript submitted to Jour. Agr. 16? 
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There is an indication from the following data that some physiological 
condition of the spore determines the degree to which certain X-ray dosages 
aifect spore germination. Chlamydospores for the above experiment were 
obtained from Trebi barley. A portion of the nonirradiated spore mass was 
used to reinoculate this variety and the resulting chlamydospores were 
irradiated. Results obtained with this second lot of spores are indicated by 
the large dots in figure 1. It will be noted that percentage germination 
of the nonirradiated spores was slightly higher than in the previous experi- 
ment, but somewhat lower when dosages up to 100 kr. were used. G-reater 
differences appeared when the exposure was 500 kr. In this test 50.6 per 
cent of the spores germinated during 24 hours of incubation as compared 
with 10 per cent for the original material. 



Fig. 1 . Germination of nonirradiated chlamydospores of TJstilago hordei and of 
those x-rayed at dosages from 1 to 1000 kr. Large noncircled dots represent a group of 
spores that presumably differed in degree of physiological maturity. 


Promyeelial and Sporidial Development 
A study was made of the promyeelial and sporidial development from 
ehlamydospores irradiated at each of the dosages indicated in figure 1. 
Uber and Goddard (11) observed that with increasing x-ray dosage up to 100 
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kr. progressively there was a decrease in the length of the germ tube of 
Neurospora tetrasperma, agreeing with observations of Dickson (2) on 
Chaetomium cochliodes and Lnyet (8) on EJmopus nigricans Ehr. With 
Ustilago hordei no effect on the proinycelium was noted when the chlamydo- 
spores were irradiated at 1 or 10 kr. but at 30 kr. there was a tendency toward 
elongation of the proinycelium, which became progressively more marked 
with dosages of 60, 100, and 150 kr. Promycelia from chlamydospores given 
150 kr. were from 1.5 to 3 times as long as those from noiiirradiated spores. 
At 200 kr. there was no consistency in their development, the lengths varying 
from a slight protrusion of the promycelium to twice normal length. With 
still higher dosages the average length decreased until at 500 kr. none greater 
than normal length was observed. Luyet (8) noted the presence of giant 
cells resulting from X-radiation of spores of R. nigricans. No such abnor- 
mality was observed among the irradiated chlamydospores of ?7. hordei nor 
in the limited number of haploid lines that were subjected to low dosages. 
Camera-lucida drawings of germinated noiiirradiated and X-rayed chlamy- 
dospores are shown in figure 2. 

Observations of the effect of X-rays on sporidial formation revealed a 
slightly delayed development at 30 and 60 kr., but a normal number of 
sporidia at all dosages up to 60 kr. At 100 kr., sporidia developed on only 
about 10 per cent of the promycelia with not more than 2 on any promy- 
celium. An occasional sporidium developed from chlamydospores receiving 
dosages up to 600 kr. and these increased in number by budding in the nor- 
mal manner. Fused sporidia wdth infection hyphae were observed in certain 
cultures of paired moiiosporidial lines isolated from the 200 kr. material. 

In Neurospora ietrasperma the normal growth process is inhibited by 
X-radiation at much lower dosages than those required to destroy germi- 
nation (11). This appears to occ^ also in Ustilago horde% for, although 
as high as 80 per cent germination of chlamydospores vras obtained in mate- 
rial irradiated at 300 kr., the normal number of primary sporidia w^as 
not found at dosages above 60 kr. Promycelia that did not form sporidia 
ceased to elongate after a 24-hour incubation period and became vacuolated, 
indicating they were dead. Inhibition of the growth process after germi- 
nation resulting from X-radiation has been observed in corn seedlings by 
Collins and Maxwell ( 1 ) , and described by them as ' ' delayed killing. ’ ’ This 
term might be used to describe the same process in promycelia of U. hordei 

In Ustilago hordei, abnormal elongation of the promyeelium and reduc- 
tion in number of sporidia accompanied an abnormal nuclear division and 
nuclear migration in the promyeelium. Noiiirradiated material of IT. hordei 
was stained at different stages of germination and the process of nuclear 
division and migration was observed to be similar to that described by Hanna 
(3) for U. zeae (Beck.) Ting. Thus, after meiosis and a division of the two 
daughter nuclei, each segment of the promyeelium contains a single haploid 
nucleus and, as indicated in figure 2, A and B, each may produce a primary 
sporidium. In contrast, the chlamydospores irradiated at 200 kr., with few 
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exceptions, developed elongated, nonseptate promyeelia. No nuclei were 
present in a few of these promyeelia, several had 1 and most of them had 2 
instead of the 4 nuclei found in the nonirradiated material. Nearly all 
of these promyeelia produced no primary sporidia. An occasional elongated 
promyeelium with a single sporidium was observed and one had two iDrimary 
sporidia, as shown in figure 2, E. 


B C D E F G 

Pig. 2. Type of germination of clilamydospores of Vstilago liordei ineubated 24 
hours. A and B. Nonirradiated; G to G, irradiated 200 kr. 

Mutation 

In the experiments on sector formation a single primary sporidium was 
isolated from the promycelium of each of 50 ehlamydospores that were 
(1) nonirradiated; (2) irradiated 50 kr., and (3) irradiated 100 kr. Each 
single sporidial line was increased under comparable conditions, then sub- 
cultured and grow for 35 days in duplicate 250 ee. flasks on 35 ee. of 2 per 
cent Difeo potato-dextrose agar. During this time the laboratory tempera- 
ture varied between 20° and 26° C. The number of sectors per flask of 
monosporidial lines originating from the nonirradiated ehlamydospores 
varied from none to 4 with totals of 51 and 49 sectors in duplicate series of 
50 lines. In the irradiated material the number of sectors per flask varied 
from none to 3, and the total sectors for the duplicate series originating from 
ehlamydospores receiving 50 kr. were 39 and 62, and for those receiving 100 
kr., 48 and 60 sectors. It is thus evident that under the conditions of these 
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experiments X-radiation failed either to induce or inhibit sectoring. Purther- 
more, variation in the general color and growth types in colonies of inono- 
sporidial lines from irradiated ehlamydospores was no more marked than 
in the lines from nonirradiated ehlamydospores. 

SUMMARY 

The effect of X-radiation of ehlamydospores of Ustilago hordei on germi- 
nation, sporidial development, and frequency of sectoring was measured. 
Percentage of germination was not materially affected by dosages up to 100 
kr. At higher dosages the number of nonviable spores and the time required 
for germination of the viable ones increased irregularly wuth increasing 
dosage up to 1000 kr., at which all of the spores w^ere killed. There is some 
evidence that the degree of X-ray sensitivity depends on some unknown 
physiological condition of the ehlamydospores. 

Irradiation of the ehlamydospores at certain dosages resulted in an 
increased elongation of the promycelia. It was noticeable at 30 kr, and 
progressively more marked at 60, 100, and 150 kr. At the latter dosage pro- 
mycelial lengths were approximately 3 times normal. Septation w’-as rare. 
At 200 kr. and above, promycelial lengths varied from approximately .5 to 3 
times normal length. Promycelia from ehlamydospores irradiated up to 
60 kr. developed a normal number of primary sporidia. At dosages of 100 
kr. sporidia developed on only approximately 10 per cent of the promycelia 
and at dosages of 150 kr. and above, only an occasional sporidium was 
observed. 

The normal growth processes in Ustilago hordei are inhibited by X-radia- 
tion of lower dosages than is required to destroy the mechanism responsible 
for germination. Although as much as 80 per cent germination was obtained 
with ehlamydospores irradiated at 300 kr., development ceased after elonga- 
tion of the promycelium. It is suggested that this effect be called ^'delayed 
killing.’’ 

X-irradiation of ehlamydospores at 50 and 100 kr. did not affect the rate 
of mutation in cultures of monosporidial lines of Ustilago hordei. 
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THE SHAPE AND DEVELOPMENT OF POTATO TUBERS, 
AND THEIR SIGNIFICANCE IN THE DIAGNOSIS 
OF SPINDLE TUBER 

J. Gr. Bald, D. O. Noeeis, and B. T. Dickson 
(Accepted for publication June 20, 1940) 

111 American descriptions of potato spindle tnber, a cliaracteristic but 
not invariable symptom in many varieties is said to be elongation of the 
tubers (5, 6, 3). A condition in Factor (Up-to~Date) potatoes in New 
South Wales, which has been diagnosed as spindle tuber (4), causes signifi- 
cant reduction of cross section in tubers of commercial size, but not in small 
ones. Measurements on diseased and normal material have led to interest- 
ing generalizations on the shape and development of potato tubers, and the 
effect on them of this disease. 

METHODS 

The measurements were mostly obtained from tracings of the tubers 
made by pricking an outline on paper with a needle carried in a long thin 
mount. Direct measurements with calipers were sometimes used, and the 

1 esults were in close agreement with those obtained from tracings. The 
measurements were of length and 6 cross-sectional diameters, 3 in each of 

2 planes at right angles, the planes corresponding to the wider and narrower 
diameters of the tubers. The 2 planes represent what Schultz and Folsom 
(5) designate as width and depth. The measurements were made at -J-, 
and I the distance from the stem to the bud end. The 3 pairs of measure- 
ments allowed detailed analyses of tuber shape (not presented here), and 
gave mean figures of cross-sectional diameter. The mean figures were less 
subject to variations due to minor irregularities of contour than were single 
pairs of measurements. From the cross-sectional diameters was obtained a 
figure for relative cross-sectional area, by converting the 6 values to loga- 
rithms, adding, and dividing by 3. This gave a logarithmic mean, easily 
obtained, convenient for calculation, and in practice very little different from 
an arithmetic mean. The relative cross-sectional area was so closely corre- 
lated with the real area that it was used freely in its place. Eelative cross- 
sectional areas were compared with lengths by plotting them on a double 
logarithmic scale, and calculating regressions of relative cross-section on 
length, using the log values. 

RESULTS 

Figure 1 includes a summary of the results obtained with tubei's of the 
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variety Factor (TJp-to-Date) free from spindle-tuber, and infected with 
spindle tuber. The summaries take the form of curves that were fitted to 
the measurements of 161 tubers of noninfected plants, and 81 tubers of 
infected plants. The interpretation of the curves depends on the fact that 
measurements of tubers swelling equally in all dimensions, if plotted in 
this way, give a straight line of slope 2 ; if the tubers increase more rapidly 
in length than in other dimensions, the slope is less than 2 ; if increase in 
cross-sectional area is proportional to increase in length, the slope is 1. 



Fig. 1. Curves to illustrate tlie development of normal tubers of the variety Factor 
(F), of tubers from Factor plants affected with spindle tuber (F.S.T,), and tubers from 
normal plants of the variety Epicure (EP.). The curves F and F.S.T. should more nearly 
coincide in the range below log. 1 = 0.5 than is shown ,* they have been slightly separated 
to make the diagram clearer. 

The curves in figure 1 are composite. The curve for normal Factors 
is derived from 2 straight lines, one fitted to data for tubers between 1 cm. 
and 5 cm. in length, and the other to tubers above 5 cm. The difference 
between the slope of the two lines is highly significant. The dividing point 
between larger and smaller tubers is taken where it is because the inclusion 
of measurements from tnbers longer than 5 cm. rednees the slope of the 
regression line below that obtained from measurements of smaller tubers 
alone. 

The curve for normal Factors indicates three stages in the growth of 
the tubers: 

1. The stolon tips swell to a rudimentary tuber (1) about 1 cm. in 
length, and slightly less than .9 cm. at its widest point radially. 
Normally these rudiments do not vary greatly from a size character^ 
istic for healthy plants of the variety. The first stage is suggested 
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diagrammatically in figure 1 by a vertical dotted line. Wliether, as a 
literal interpretation of this line would suggest, the stolon expands 
radially without any increase in length over the expanding area, 
has not yet been determined. 

2. In the second stage the tuber increases in length to about 5 cm. without 
changing significantly its relative dimensions. The slope of the line 
between log. 1 = 0.0 and log. 1 = 0.7 is 1.895, which is not signifi- 
cantly different from a slope of 2, although the shows the dif- 
ferences to be not far from the l-in-20 level of significance. This 
stage is partly accounted for by swelling of the cells already formed 
in the tuber when it is about 1 cm. long, but there is also probably an 
increase in cell number. From the experiments of Fellows (2), 
which have been repeated by the writers, it seems that, even in this 
stage, the outermost layers of cells towards the stem end do not 
accommodate themselves to the increase in size, bj^ expansion or 
multiplication, so much as do those towards the apex of the tuber. 

3. In normal tubers of the variety Factor there is a rapid transition 
from the second to the third stage. In the latter, the length remains 
approximately proportional to the cross-sectional area the regres- 
sion coefficient, = .971), i.e.^ apical growth becomes relatively more 
important. 

Evidence has been obtained from periodical measurements on growing 
tubers attached to the plant that the regression line between the points 
log. Z = 0.0 and log. Z = 0.7 represents the type of expansion that actually 
occurs in individual tubers, but similar measurements have not been made 
on tubers expanding to greater size. Until they have been made, the 
straight line regression above log. I = 0.7 cannot be claimed to represent the 
continuous growth of individual tubers, but is merely a mean relation 
between cross-sectional area and length of mature tubers above 5 cm. in 
length. 

The curve for the tubers from Factor plants diagnosed as infected with 
spindle tuber illustrates the same 3 stages, with the following differences : 

a. The rudimentary tubers formed from the stolon tips are of the same 
shape as the rudiments of normal plants, but appear to be smaller. 

b. They grow uniformly in all dimensions from about .75 cm. (this figure 
is subject to correction, as it depends on only a few measurements) 
to 2.5 cm. in length j i.e. expansion in the second stage is relatively 
less than expansion of tubers from normal plants. 

c. There is a transitional zone between the second and third stages, and, 
thereafter, growth appears to follow a course similar to that of normal 
tubers* but, as predominantly apical growth begins in smaller dis- 
eased tubers, these tubers are narrower in cross-section than healthy 
tubers of the same length. 
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The relation between cross-sectional area and length, for tnbers of com- 
mercial size, has been found to show little if any systematic variation under 
contrasting conditions of growth, and has been used on several occasions 
to distinguish between yields of diseased and normal plants. Extreme con- 
ditions of competition and freedom from competition may possibly affect 
the relation. 

Schultz and Folsom (5) found that mosaic in Green Mountains does not 
affect tuber shape. Measurements made on President tubers grown at Can- 
berra, containing virus X and free from it, indicate no differences in shape 
due to infection. Similarly, tubers of Factor and of a variety incorrectly 
named Delaware, which is grown mainly in Western Australia, are unaf- 
fected in shape by leaf roll. Factor tubers normally carry virus X and 
virus B, and Delaware virus X, but not virus B. It appears that of the more 
widespread viruses of the potato in Australia, only spindle tuber is likely 
to cause changes in tuber shape. 

COMPARISON WITH MEASUREMENTS ON GREEN MOUNTAIN AND 
BLISS TRIUMPH TUBERS 

Previous data on the shape of normal tubers and those affected with 
spindle tuber have mainly been put in the form of a simple ratio between 
length and width (5, 6, 3). It is interesting to find that measurements of 
Green Mountain tubers of marketable size, both healthy and diseased with 
spindle tuber, which are tabulated by Schultz and Folsom in the form of a 
frequency table (5, p. 57), give results very similar to those derived from 
our measurements, and so also do measurements made on Bliss Triumph 
by Werner (6, Pig. 2). By reducing the classes of Schultz and Folsom’s 
tables to fit into equal increments on a logarithmic scale, the following 
regression coefficients for log. width on log. length are obtained : 

Diseased material .447 

Healthy material .488 

Neither regression coefficient is significantly different from a value of 0.5. 
Werner’s data show apparently aberrant shapes among the healthy Bliss 
Triumph below 4.5 cm. in length, but longer tubers, both healthy and dis- 
eased, give regression coefficients that do not differ significantly from 0.5. 
When our data for Factor tubers in the third stage of development are 
reduced to two measurements, length and width at the center, the regression 
coefficient is also not significantly different from 0.5. If the tuber dimen- 
sions are put in the form w/\/l or w^/l, a constant is obtained that is inde- 
pendent of size of tuber within certain limits. Thus, direct comparison can 
be made between healthy and diseased tubers of these 3 varieties by means 
of a single constant, which may be given either as h of the following equation : 

w-ilog.l^k ..................I 

where w is the width of the tuber, and I the length, or as the ratio w/VL 
The values obtained for Green Mountain, Bliss Triumph, and Factor are 
as follows: 
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Green Mountain 

Bliss Triumph 

Factor (Up-to-Date) 


Normal 

S. T, 1 

Normal 

S. T. 

Normal 

S. T. 

Ic 

.39 

.27 

.37 

.31 

1 .30 

1 .20 

w/yi 

2.45 

1 1.86 

2..34 ' 

2.04 

i 2.00 

1.58 


The reduction in cross-section of diseased tubers below that of healthy tubers 
of equal size appears greater for the varieties Green Mountain and Factor 
than for Bliss Triumph. Green Mountain and Bliss Triumph tubers are 
normally shorter in relation to width than Factor, and diseased tubers 
of these two varieties are not very different in their dimensions from normal 
Factor, except that they are rounder in cross-section. The rounding of 
cross-section, so typical of Green Mountain tubers affected with spindle 
tuber, is found in Factor, affected with spindle tuber, mainly under condi- 
tions likely to cause second growth, but comparatively little rounding is 
found when growing conditions are exceptionally favorable. The same 
appears to be true for Bliss Triumph (6). 

TUBERS OP THE VARIETY EPICURE 

If the growth of tubers of other varieties follows a course similar to those 
of Green Mountain and Factor throughout the third stage of development, 
k of equation 1, or K of equation 2 below will provide a simple index of 
shape for tubers of commercial size, by which varieties may be characterized : 

Log. a - log. 1 = 7f, 2 

where a is the relative cross-sectional area. 

The curve for the round English variety. Epicure, in figure 1 shows 
that equation 2 is not universally applicable. The tuber rudiment is rela- 
tively greater in cross-section than that of Factor, it expands equally in all 
dimensions to a greater size, and, in the third stage, apical growth is less in 
comparison with growth in cross-section— the slope of the regression line 
above log. I = 0.8 is 1.28, a value significantly greater than 1. The equation 
becomes ; 

Log. a - 1.28 log. 1 

and a single constant fails to describe the relation between length and cross 
section of large tubers. However, tubers of the varieties Factor and Epicure 
go through three similar stages of development, and may be characterized 
by measurements of their relative dimensions. Such measurement might 
prove a useful method in the study of the physiology of growth of potato 
tubers and in the genetics of tuber shape, as well as in the original object 
of this investigation, the diagnosis of a virus disease, and its closer identi- 
fication with American spindle tuber. 

SUMMARY 

Measurements of potato tubers of the variety Factor (Up-to-Date) indi- 
cate 3 stages in their development from stolon to the mature tuber. 
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A disease ill Australian potatoes, diagnosed as spindle tuber, causes a 
decrease of cross-sectional area relative to length in tubers of marketable 
size. The shape of small tubers is unaffected. 

Several other viroses and a variety of environmental conditions fail to 
alter tuber shape. 

An analysis of measurements made on Green Mountain tubers by Schultz 
and Folsom and on Bliss Triumph tubers by Werner gives results very 
similar to those obtained from Australian material. 

Varieties may be characterized by the dimensions of their tubers if the 
stages of tuber development are taken into account. 

Fkom the Laboratories of the Division op 

Plant Industry, Commonwealth Council 
FOR Scientific and Industrial Eesearch, 

Canberra, A.C.T., 

Australia 
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EYE SPOT OP LEMON GRASS 

B . A . B 0 U R N E 
(Accepted for publication July 19, 1940) 

During the past 6 years a leaf spot of lemon grass, Cymiopogon cUrattis 
DC., was observed to be common throughout the year in the Florida Ever- 
glades. The spots resembled the common eye spot of sugar cane, as de- 
scribed by Paris,^ and by the writer for the early stages of ring spot of sugar 
cane,^ although the India-red eoloi^s, common in connection with the cane 
disease, were lacking. 

Until 1938, when Yoorhees^ described an eye spot of napier grass in 
Florida, and concluded from his experiments that the causal organism of 
this disease was identical with Helminthosporium ocellum Paris, the sugar- 
cane eye-spot organism was not known to occur on any host other than sugar 
cane. It was observed, however, that the colors associated with the napier 
-Q. Helmiiitliosporium diseases of sugar cane. Phytopatli. 

•n disease of sugar cane. Univ. of Fla. Agr. 

Exp. Stat. Bull. 267. 1934. 

1938^"^^^^^^^^' disease of napier grass. Phytopatli. 28: 438-443. 
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grass eye spot, in which, the margins were described as being deep-red to 
Bordeaux red, differ from those of the lemon-grass eye spot. 

DESCRIPTION op THE DISEASE 

Typical spots on the leaves of lemon grass are shown in figure 1, A, viewed 
both from the upper and lower surfaces. The young spots appear at first as 
minute yellowish flecks with a rusty-browui center. Viewed from the under 
side of the leaf, w^hen the spots become about 2 mm. wide by 6 mm. long, the 
length being always greatest in the direction of the leaf veins, a small oval 
portion of the center turns a light flesh or stra^v color, outside of which is a 
dark-purple, narrow, oval border surrounded by a somewhat oval Spanisli- 
raisin color zone, wdiich, in turn, is surrounded by a yellowish to flesh-color 
areola, is often elongated at both ends in the direction of the leaf veins. 
Full-size spots are approximately 1.5-2 mm. wide by ^10 mm. long. It 
often happens that 2 or more spots will coalesce either laterally or longi- 
tudinally and the yellowish to flesh-color areolae uvill then merge, forming 
an irregular blotch with the individual darker oval zones still in evidence, 
■^^metimes, spots commencing at the leaf margin will spread along the same 
fo^^veral centimeters, the edge toward the midrib being yellowush to flesh- 
color \nd the outer edge a Spanish-raisin to dark-brown. 

A cross section of the leaf through the center of a spot is shown in figure 
1, B, and serves to illustrate the shrivelling of the tissues in the central por- 
tion, wdiieh becomes necrotic. The fungus mycelium ^vas found to be both 
intra- and intercellular. 


RESULTS OP ISOLATION EXPERIMENTS 

Portions of leaves with typical spots, when placed in a damp chamber for 
24 hours at room temperature, were found invariably to develop conidio- 
phores and eonidia of a species of HelmintJiospormm. Numerous tissue 
plantings in nutrient agar (corn-meal and lemon-grass leaf -decoction agars 
used) were made; almost 90 per cent of them gave rise to pure cultures 
of Helmintliosporvum, all of which appeared identical in their growth 
characters. 

INOCULATION EXPERIMENTS 

Young lemon-grass plants w^ere secured by cutting back healthy shoots 
below the apical bud and severing the stem about 4 in. below- this. These 
stems wdth dormant buds w^re then washed thoroughly and immersed for 
10 min. in 1-1000 HgCL solution before planting in sterile soil previously 
prepared in pots. After planting, the pots w’^ere covered with a bell jar and 
growui in the greenhouse. Many cultures prepared in this way developed 
healthy plants free from leaf spots. These w^'ere then used for inoculation 
wdth pure cultures of the isolated Helminthosporinm, without wounding the 
leaves. In 48 hours, minute spots appeared, and, after 7 days, typical eye- 
spot lesions developed. Figure 1, C, shows a typical spot developing in an 
infection court after 7 days. Many reisolations of the fungus were made 


■ ■ ■ ' I J 
" " ' ' '■ 

I 


188 



\ip^ i 


Typical eye spots on leaves of lemon grass (Cymbopogon citratus). both 
upper and lower surfaces. B. Gross section of lemon-grass leaf through eye-spot lesion, 
r T? 7 I^i^ection court of lemon-grass leaf inoeu- 

from Eelminthosporium isolated from lemon grass, after 7 

lemok-g?asfHeS?«tto^aS® ““ moculation with 

from typical lesions produced artificially, and in all cases were identical -with 
that used for inoculation. No control cultures developed any leaf spots. 

Pure-culture inoculations also were made with the lemon-grass Helmin- 
thosporium on the leaves of Otaheite sugar cane growing under asentin ony^. 
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clitions, as already described by the writer.^ Within 24 hours after inocu- 
lation with the fungus, innumerable spots were found clearly visible. Figure 
1, D, shows typical spots 7 days after inoculation with spores. Within 2 
weeks, typical sugar-cane eye spots, as previously described,^ were produced. 
These indicated clearly that the lemon-grass fungus is capable of producing 
spots on the leaves of sugar cane that are identical with those produced by 
M. ocelhim Faris, which Stevenson and Eands^ now consider to be the same 
as H, sacchari (v. Breda de Haan) Butler. The fungus was reisolated from 
the cane leaves and identified as being the same as that originally used for 
inoculation. 

In order to make certain that the lemon-grass eye-spot and sugar-cane 
eye-spot fungi are the same organisms, a pure culture of Helminthosporium 
ocellum was isolated from the leaves of the sugar cane variety B. 3124 at 
Clewiston, Florida. Using this sugar-cane B". ocellum for inoculation ex- 
periments on lemon-grass leaves in the same manner as those already de- 
scribed for inoculations with the lemon-grass HelminiJiosporium^ it w^as 
definitely determined from repeated trials that the sugar-cane B. ocellum 
produced spots typical of lemon-grass eye spot. 

IDENTIFICATION OF THE CAUSAL FUNGUS 

Pure cultures of the Helminthosporium from lemon grass were grown on 
sterile lemon-grass leaves and corn-meal agar alongside of pure cultures of 
B. ocellum isolated from B. 3124 sugar cane. Spore measurements and 
other morphological characters were compared, and these studies showed 
that the two fungi could not be distinguished from one another. 

Agricultural Eesearch Department, 

United States Sugar Corporation, 

Clewiston, Florida. 


GEEMINATION EXPEEIMENTS WITH UEEDIO- AND 
TELIOSPOEES OF TEANZSCHELIA PEUNI- 
SPINOSAE DISCOLOE 

JoHisr C. Dxjnegax and Clayton O. Smiths 
(Accepted for publication July 20, 1940) 

Temperature relations for the germination of the urediospores of 
Tranzschelia pruni-spinosae discolor were studied at 10, 15, 20, 23, 25, 30, 
and 35.5 degrees C. The urediospores were sown on water agar and incu- 
bated at the above temperatures for 3 hours and then killed by exposure to 
formaldehyde. The length of 25 germ tubes was measured for each of the 

4 See footnote 2. 

5 Stevenson, J ohn A., and R. U. Rands. An annotated list of tbe fungi and bacteria 
associated with sugarcane and its products. The Haw. PI. Record 42: 247-313. 1938. 

1 Bureau of Plant Industry, U. S. Department of Agriculture, cooperating with the 
Arkansas Agricultural Experiment Station, Fayetteville, Ark., and the University of Cali- 
fornia, Citrus Experiment Station, Riverside, California. 
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above temperatures and the averages of these nieasiirements are given in 
table 1. 


TABLE 1 . — Average length of urecliospore germ tubes at end of S hours 


Temperature °0. 

...... 10 

15 

20 

23 

25 

30 

35.5 

Average length in microns 

...... 95 

122 

161 

143 

120 

61 

0 


There were only a few spores showing the beginning of germination at 
30° and none germinated at 35.5° G. There was vigorous germ-tube growth 
at temperatures ranging from 10° to 25° C. The optimum temperature 
for germination is probably similar to that for growth of germ tiibes^ 
20°“23°. Goldswoidhy and Smith, ^ in their study of a rust of clingstone 
peaches, reported that the best growth of germ tubes was obtained at about 
22° C., while the optimum temperature for germination was found to lie 
between 13° and 26° C. 

Germ tubes on the surface of agar in Petri dishes may reach a length 
of 750 |j. The movement, by air currents, of these long germ tubes was 
observed under the microscope. 

The effect of various environmental conditions on the longevity of the 
urediospores was studied experimentally at Fayetteville, Arkansas, from 
1934 to 1938. The results of these experiments are summarized in table 2. 


TABLE 2 .^ — Effect of various treatments on viabiUtg of urediospores of Tranz'schelia 
pruni'Spinosae discolor 


Host 

Source of 
material 

Treatment 

Humber of 
days ure- 
diospores 
retained 
vialiility 

Prunus persica S. & Z. 

Arkansas 

Leaves on ground under 
trees 

47 

P. davidiana Eraneh. 

■ - I 

■r^ . 1 

1 Georgia 

Leaves in cheesecloth 
packets, outdoors 

72 

P. persica 

do. 

do 

7 

P. armeniaea L. 

California 

Leaves in packets in- 
doors, at room temi). 

116 

P. communis Eritscli. 

do. 

do. 

177 

P. domestica L. 

do. 

do. 

112 

P. persica 

do. 

do. 

116 

do. 

Georgia 

Leaves in packets at 5° ^ 
C. in an electiical re- 
frigerator 

^537 

P. davidiana 

do. 

do. 

537 

P. domestica 

Oregon 

do. 

453 


The results were variable, confirming Goldsworthy and Smith’s^ state- 
ment that only relative values are obtained in experiments of this type since 
the source and age of the material, method of gathering the spores, tem- 
perature and other factors have a pronounced effect upon the longevity of 
the urediospores. However, the results of storage at 5° C. in an electrical 

/-( , ^ M. 0., and E. E. Smith. Studies on a rust of clingstone peaches in 

California. Phytopath. 21 : 133-168. 1931. s i 
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refrigerator indicate that low temperature greatly prolongs the longevity 
of the nrediospores. 

During the period February 23 to March 14, 1939, teliospores of the 
discolor variety from overwintered leaves of Primus communis, collected in 
California, were sown on water agar on 6 occasions. Promycelia, basidia, 
and spores developed within 24 hours in each experiment. In these tests 
the promycelium developed from either cell of the teliospores. Thus it was 
evident, at least with material from P. communis, that the smaller size and 
distorted shape of the basal cell did not render it nonfunctional, a possi- 
bility suggested in a previous paper. ^ 

The one outstanding difference noted between the germinating telio- 
spores of the discolor variety from Primus communis and the typica variety 
from P. serotina Ehrh. was the location of the germ pore in each cell. In 
teliospores of the discolor variety the pore in each cell was near the septum 
between the two cells. In teliospores of the typica variety the pore in the 
upper cell was apical, while that of the basal cell was near the pedicel. As 
the result of this difference in the location of germ pores, the promycelia of 
the discolor variety emerged from the central portion, while those of the 
typica variety emerged from the ends of the spore (Fig. 1, A and B). 



Fig. 1. A. Promycelinm produced by overwintered teliospore of Tran^sclielia pruni- 
spinosae discolor. B. Promyeelium produced by overwintered teliospore of T. pnini- 
spinosae typica. Both x 360. 

All effort was made to locate the pores in teliospores of various herbarium 
specimens of the discolor variety by bleaching the spores with a commercial 
preparation containing sodium hypochlorite, sodium hydroxide, and sodium 
chloride. The bleached spores were treated with various stains, but the 
final results were inconclusive, as the pores could not be distinguished with 
certainty in any of the tests. 

Aside from the difference in the location of the germ pores, the only 
other difference noted was in the size and shape of the basidiospores. Those 
produced by the discolor variety were almost globose, measuring 8.0 to 8.5 p 
long and 6.0 to 6.5 p wide, while those produced by the typica variety were 
reniform, 12.5 to 16 p long and 5.5 to 6.5 p wide. 

3 Dimegan, J. C. Germination experiments with, overwintered teliospores of Tran^- 
schelia pr uni- spinosae. Pliytopath. 26 : 72-78. 1939. 




BACTERIAL LEAP SPOT OP GARDENIA 


W. H. Burkholdeei and P. P. Pirone^ 

(Accepted for publication July 18, 1040) 

111 early October, 1938, the junior writer noted a severe spotting of the 
foliage of Belmont gardenias growing in a greenhouse at New Brunswick, 
N. J. At the time of observation more than 100 potted 1-year-old plants 
showed the spotting, principally on the low^er leaves. 

The spots were ovoid to circular, and varied in size from pin-point, 
water-soaked dots up to spots of 6 mm. in diameter (Pig. 1) . The centers of 


tilt; idigei spots were Drown to reddish-brown and were usually surrounded 
by a narrow water-soaked margin. The formation of several spots on a leaf 
resulted in yellowing and premature defoliation. Throughout late fall the 
spots increased in numbers and spread upward on the plants. As a result 
of the severe spotting and yellowing, more than half the foliage had dropped 
from the plants by January, 1939. 

Several extended periods of cold, cloudy, wet weather preceded the severe 
outbreak under observation. During these periods the humidity in the 
greenhouses was unusually high and the leaves remained wet for several 
days. The common mealy bug (Pseudococctis citri Risso) was the only pest 
prevalent on the plants. 

Apparently, very little difference in varietal susceptibility exists, since 
the disease was noted to be eouallv SP.'VAT’A n-n r\-P 'P.rvi w. f * 
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year, that may explain how the organism entered his greenhouse. In the 
spring of 1938, cuttings of several gardenia varieties were obtained from 
the South. After the cuttings were rooted, an occasional spotted leaf was 
observed that eventually turned yellow and either dropped or was picked 
off. The rooted cuttings were then potted and placed on benches adjacent 
to northern-grown Belmont and Veitchii gardenias. Circumstantial evi- 
dence, at least, points to the possibility that the organism was introduced on 
the southern stock. The senior writer also has seen what he believes to be 
the same disease on gardenias at Orlando, Florida. 

Microscopical examinations were made of many lesions on the leaves of 
the diseased gardenias and the number of bacteria found in the necrotic 
tissue appeared to be so great and so constant that it seemed likely they 
were the cause of the disease. Fungi were not observed. Dilution plates 
yielded the same organism in all cases and for both writers. In appearance 
the colonies were fast-growing and whitish, and, when plated on beef-extract- 
peptone agar, produced a dark coloration throughout the medium. 

Numerous inoculation experiments were made on gardenias in the green- 
house with this bacterium and with several other species that appeared at 
various times in dilution plates. The organism isolated constantly was the 
only one that gave infection. The plants used in the experiments were 
received from the Department of Floriculture and were of the variety 
Veitchii, which, according to Bailey, belongs to Gardenia jasminoides Ellis. 

There were certain environmental and other conditions, however, 
necessary before lesions developed after inoculation. A moist atmos- 
phere was essential for the development of the lesion beyond a millimeter or 
so in diameter. Very little infection was obtained on plants placed on beds 
in houses where the humidity was low. When the plants were kept in moist 
chambers and sprayed with a water suspension of the bacteria, infection 
always occurred. What part temperature plays is not known, since all the 
plants were kept in houses 70° or above. While a lower temperature might 
check the disease, it would not be favorable for the growth of the host plant. 

Infection occurred readily on the small tender leaves, but only very 
small lesions occurred on the older leaves. When spots appeared on the 
very young leaves, defoliation as a rule resulted. Infection was obtained 
more easily when the leaves were injured by pricking with very fine pointed 
needles. The incubation period was approximately a week, after which, 
microscopical examination of the lesions showed large numbers of bacteria. 
Reisolations were made readily. 

In describing the pathogen, 8 isolates were used, 4 from the New Jersey 
material and 4 were isolates from artificially inoculated plants. All 8 
isolates behaved similarly. 

The description of the pathogen in culture follows. 

The organism is a narrow rod, occurring in pairs and occasional chains. 
At times it is slightly curved. On beef-extract-peptone agar at 27° C. cells 
from a 24-hr. culture gave the following measurements: 2.4 p (1.4 - 3.5) x 
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.^5n .50-1,0). Bacteria from recently isolated cultures appear to Iia 
somewhat larger. The cells are Gram-negative and motile with 1 to 2 polar 
flagella. Motility was not observed under all conditions. In all eases the 
flagella, when stained, were more delicate than the flagella on FhuUnnoJ. 
campestns (Pammel) Bergey ef al, which were stained at tl,e .same time 
u beef-extract-peptone agar, at 27° C., growth is fairly rapid, white at 
fiist but soon becomes very dirty in appearance and the medium liecomes a 
dark brown. The colony is viscid in consistency. Bouillon becomes turbid 
with a pe hole, and the medium turns dark. In Litmus milk, a soft curd 
ai d pellicle are formed. The milk clears in xones and the litmus i.s redimed 
Gelatin is liquefied. Hydrogen sulphide and indol are not produced Ni’ 
Gates are reduced to nitrites. Starch is not hydrolyzed. ' The followino' 
carbon compounds are utilized with the production of acid ; dextrose o-alac 
tose, xylose, rhamnose, sucrose and maltose, mannitol, glveerol and salidn' 

«It. are ..Hlired rvi.h ari hkali.J 
Citric, malic, malonic, succinic, tartaric, and hyppurie 

consideied at first to be a tyrosine reaction, since it was not formed wlm,, o 
synthetic medium with inorganic nitrogen was used. Purtherniore when 
dextrose was added to an organic medium there was no discoloration indica 
ve oi th.a reacbon. N,™rthele«, a-hen .05 per cent 1™,,°^ ™ “X 
to an moreamc, aj-pthetic solution aa the onl,. carbon aptree thTaototn 
remained uucoiored, althonsh an eutremel.v luxurioua grmvth iv. 0 ^^^ 

“ *■'» “»»> «« ‘..tea, hot “ 

ib. appeara nT: itCrVZraM^r 7 

belongs, no doubt, with the plant patlioina Ihe n‘ame‘ Ph«or'”*™' “ 
not been obaertled." 


A NEW ASCOCHYTELLA ON PENTSTEMON 
PPOM CALIFORNIA 

ANaSTA E. Jenkins 

(Accepted for publication July 20, 1940) 

iiig udld in ‘PectaMu Tbnrb. grow- 

«. re. — 
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except for a few dark pycnidia (Pio^ i t^n - i tout 
. With colored 2-celled spores, 

Tisible oiJy a ter eereM exern, nation of ae herbarium material collectetl, 

issue cu lucs l^ele nwce at ashington from the young lesions as a 

turther means ot determining the cause of the disfig-uring disease. A number 

ot plantings wre made on potato-dextrose agar. All cultures vielded 

prompt y a umtoriii type of growth. This was of more rapid development 

than Elmwe, and, otherwise, not of the nature of this genus. The cultures 

were cottony and salmon-pink, and by June 12 had produced dark pycnidia 

correspoiiding* to tliose on tlie yomig stem lesions. 

On this date transfers ag’ain were made on potato-dextrose agar. These 
developed as before, ])ro(lueing the dark pycnidia, noticeable against the light 
background ot the eiiltural growth. As studied by the writers, these 
possessed fiom 1 to 3 cistioles; eonidia were produced in abmidance. The 
illustration shown (Pig^ 1, D) is from a mount made in July by Fawcett, 
in California. P\ (oiidia with abnnclant eonidia also were to be seen in this 
set of cult Hies, iield fi om July to late March in a cool temperature (refrigera- 
tor) at ^ ashington, D. C. In these old cultures the spores, measuring from 
11-21 X 4.5 X 6 p, were commonly 1-septate, but t-hose having 2 and 3 septa 
were also |)resent (Jig. 1, C). The eonidia, generally straight, w^ere some- 
times slightly curved or constricted at the septniii. At the ends they were 
generally rounded, although in some cases one end w^as somewhat pointed. 

Cultures transferred to potato-dextrose agar on Mar. 27, 1940, failed to 
produce pycnidia when observed after several weeks. On April 10, the color 
of the cottony growdli, reading from the upper part of the slant downward, 
Avas as follow'S: Grayish or nearly cartridge bnftV’^ w'arm w^hite, chiefly 
coral pink’’‘‘ (base of slant) and white (agar surface below slant that had 
receded from glass). 

Further study of the diseased Pentstemon by Shear revealed that infec- 
tion w'as evidently not limited to small areas, birt that the stem might be dis- 
colored and killed foi* 10 cm. or more. On these dead surfaces the pycnidia 
already des(*ribed w'crc present and were producing the 1-septate colored 
eonidia. Tlieir measurements here wm’e 12-13 x 2—4 p. Several other fungi 
of secondary nature were also present on the dead tissue of these older stems. 

The imperfeet fungus in question appears to be of the genus Ascochytella 
Died.'*^ and to be nndes(u*ibed. It, therefore, is here described as new under 
the name Ascochytella pentstemofiii, with the following diagnosis: 

Ascochytella pentstemonii, n. sp. 

Spots on stems of living plants, at first punetiform, enlarging to form spherical or 
irregular areas reaching 4 min. in diameter, larger by confluence, purple at first, becom- 
ing white or pale at the center, the purple color persisting in the somewhat raised border, 
entire stem sometimes discolored for 10 or more cm. j pyenidLia superficial or nearly so, dark 
colored 110 },i in diameter and 55 p high, or larger, in culture reaching 400 jii in diam.; 
membranous wall about 10 ^ thick; bearing eonidia abundantly (method of attachment 
not seen), usually straight but occasionally curved at ends rounded or sometimes pointed 
at one end, typically 1-septate, less often 2 or 3 septate (observed in culture), generally 

1 Ridg^vay, ]R. Color standards and color nomenelatuxe. 43 p. Wasbington, D. 0. 

2 Biedicke, H. Bie Abteiking Hyalodidymae der Spliaeroiden. Ann Mye. 10: 141*. 
1912. 



]' 2 *iTy 9*'^4 ^ 1 ?® “Stances of slight constriction observed, clear brow 

^®"® attaining ’a fargef sb 

Maoulis plernmque elevatis, centro albo et margine purpureo usane 4 mn, 
saepe numerosis, coalescentibus, et caulem totum afacifntibus ; pyonidiis^superficial'ibus v 
ernmpentrbus, fusers, menrbrarraeeis, 110 ^ dianr. et 55 ,u altis^^^rSorib? bf 


stems of Pentstemon spectaMUs on which the Ascookvtella 
fruiting sparsely and from which the organism was isolated. Specimen from San Antonio 
Canyon, vie. Olaiw^t, Los Angeles Co., California, Mar. 16, 1939, C L Shear and H S 

Sr x5oV- C ConS^T’ -“d-, from BmalTSs on J^en 

stem. xoUU. O. C^onidia from an old eiiltnre, x500. B. Pvenidia nrndnf»p/i 
culture 14 weeks old. x 60. Photographs by M. L. P. Pouhert.^ piodueed from a 
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pluri-ostiolatis et 400 ^ in diam. ; eonidiis f useis, 1-septatis, 12-13 x 2-4 a, in cultnris inter- 
dmn 1-3-septatis, 12-31 X 4.5-6 in. 

HOST AND DISTRIBUTION AND SPECIMENS EXAMINED 

On stems of living Fentstemon spectabilis growing wild and apparently 
causing tlie small stem cankers or larger discolored areas on whieli it grows : 
California, Los Angeles Co., near Claremont, March 16, 1939, C. L. Shear 
and H. S. Fawcett (type), in the Herbarium of the University of California 
Citrus Experiment Station (No. 2050) and in the Mycological Collections 
of the Bureau of Plant Industry (73059) ; culture from this specimen also 
in the Mycological Collections (No. 73506). A living culture of the fungus 
(Jenkins 576) is also being maintained. 

Since the Ascochytella appears to be pathogenic on the wild Fenistemon^ 
which is also in cultivation as an oxaiamental, it would be desirable to make 
inoculations to prove definitely the pathogenecity of the organism. Until 
the present, however, such continued investigations by tlie writer has been 
impossible. 

Bureau op Plant Industry', 

Washington, D. C. 


PHYTOPATHOLOGICAL NOTES 

Longevity of Teliospores of Fuccinia graminis under Laboratory Condi- 
tions.^ — Few records appear to be available on the length of time that telio- 
spores retain their viability under laboratory conditions. Ward,^ however, 
has reported, in a legend accompanying drawings of germinating teliospores 
of Fuccinia graminis Pers., that some of the spores had been kept in his 
laboratory for 3 years before they were germinated. 

In connection with hj^bridization studies with physiologic races of Fuc- 
cinia graminis, it has been the practice of the writer to break the dormancy 
of greenhouse-produced teliospores by freezing them in cubes of ice in a 
refrigerator and thereafter to store them in a dry condition at a tempera- 
ture of from 8° to 10° C. Through this procedure, two types of data have 
been accumulated: 1. Data on the length of time spores may be frozen in 
ice without loss of germinability ; and 2. Data on the length of time spores 
may be kept in storage, after their dormancy has been broken, without loss 
of ability to germinate. 

In table 1 is shown the germination of 4 lots of teliospores frozen for 
periods ranging from 14i months to 2-J years. During these periods the 
spores were subjected to continuous frost except when the refrigerator was 
defrosted, about once a month for a few hours. Germination following the 
freezing periods was abundant in all cases. The sporidia produced by telio- 
spores frozen for 2| years gave rise to normal pycnia and aecia. 

1 Contribution No. 607, Division of Botany and Plant Pathology, Science Service, De- 
partment of Agriculture, Ottawa, Canada. 

2 Ward, H. Marshall. Illustrations of the structure and life-history of Fuccinia 

graminis, the fungus causing the ^ ‘ rust ^ ^ of wdieat. Ann. Bot. 2 : 217-222. 1888. 
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TABLE 1 . — Germination of teliosporee of JPiiccinia (iraminin follomiig various 

periods of f reemng 


Race tested 

Period of freezing 

Germination 
after freezing 

Years 

Months . 1 

P. gr. triticA, race 104 

1 

94 

Excellent 

ic Cl ' ic -| 

1 

2| 

i t 

P. gr. avenae, * 7 

1 

,24 

Good 

^ ‘ seealls 

2 

! 

6 “ 

Good‘i 


a Good infection on barberry produced by sporidia. 

In table 2 are given a number of instances in wbieli teliospores of pbysio- 
logic races of wheat stem rust and oat stem rust have germinated after long 
intervals of storage. Periods of storage of from 2 to 3 years apparently did 
not impair the germinability of the spores or the infeetivity of the sporidia 
produced. The longest storage periods — 6 years, months, for wheat stem 
rust, and 4 years, 4 months, for oat stem rust — did not noticeably affect 
germinability but did cause an apparent diminution of the pathogenic vigor 
of the rust on barberry. Some of the pycnial pustules produced by the 

TABLE 2 . — GerminaMon of teliospores of Puceinia grammis foUoiving mrions 
periods of storage at S^-10° C, 


Race tested 


P. g}\ triticiy race 


P. gr, arenae, ^ ^ 



Period of 
freezing 

Period of storage 
after freezing 

Germination 

following 

storage 

Months 

Y'ears 

Months 

9 

n 

6 

24 

Gooda 

17 : 

84 

2 

10 

Slight^) 

57 

8 

2 

10 

Eair*> 

120 

8 

2 , 

10 

FaiP> 

57 

10 

2 

8 

Good^J 

52 

10 

2 

8 

Pair^^ 

3 

5 

. .. 4 . 

4 

Excellent^ 

8 

1 

2 

1 9 

Excellent^ 

8 

12 

■ -2 ■ 

; 8 

1 Eairb 

6 

, 9 

■ 2 

7 

Slights 

6 

9 

■ 2 

7 

Slight^ 

10 

81 

■' 2 ■ 

^ ■ 14 

.EaiP> 


a Rather weak infection on barberry produced by sporidia. 

^ Good infection on barberry produced by sporidia. 
only"^^^^^^ sporidia produced normal infections, half produced neerotie flecks 

wheat stem rust following this long period of storage were normal in appear- 
anee, but many were quite small and bore only a scanty exudate of pyenial 
nectar. The apparent effect of ageing of teliospores on the pathogenicity 
of the oat stem rust referred to above has been discussed elsewhere.® 
Although the extreme longevity of teliospores under the conditions speci- 
fied above is not known, it is clear that their viability may be preserved for 
relatively long periods by keeping them frozen or by storing them in a dry 
condition at low temperatures.— T. Johnson, Dominion Laboratory of Plant 
Pathology, Winnipeg, Man. 

3 Jolmson, T., and Margaret Newton. Crossing and selfing studies with T)hvsioloeie 
races of oat stem rust. Can. Jour. Research 0,18: 54-67. 1940. ^ ^ 
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Bacterial Wilt of Carnation . — ^Wilting and death of carnation plants lias 
been observed in a giasshonse in Spokane, Washington. Isolation cultures 
of the organism and inoculation tests have shown the disease to be caused by 
a bacterium that appears to be distinct from any previously described plant 
pathogen. The production of greyish-green foliage, followed by yellowing 
and death of the plants, similar to the symptoms commonly associated with 
Pusarium wilt, is characteristic of the disease. Yellow streaks of frayed 
tissue in the vascular areas extending 12-24 inches up the stems of affected 
plants are distinguishing symptoms. 

The disease has been observed in the commercial glasshouse on Kathryn, 
Melrose, and King Cardinal varieties causing the death of 30, 15, and 5 per 
cent of the plants, respectively. Inoculation tests show that Chief Kokomo, 
Giant Laddie, Joan Marie, King Cardinal, Matchless, Maytime, My Love, 
Patrician, Pink Spectrum, Puritan, Sophelia, and White My Love are sus- 
ceptible to infection. The period of incubation is longer and the damage 
less severe on Giant Laddie and J oan Marie than with the other varieties. 

The disease appears most damaging during the warm weather of fall 
and spring. The minimum period of incubation has been 30 days following 
inoculation into punctures at the base of the stem. Cuttings taken from 
plants i^revious to the appearance of symptoms have transmitted the organ- 
ism. Since the disease was observed on the Kathryn and Melrose varieties 
in the glasshouse in question, 2 years after the original stock was purchased, 
and the disease has not been observed in any other glasshouse in Washington, 
it is probable that it was introduced into the Spokane area from another 
section of the country. Determinative studies on the causal organism are 
being made by W. H. Burkholder of Cornell University. — ^Leon K. Jones, 
Division of Plant Pathology, State College of Washington, Pullman, 
Washington. 


EBPOET OF THE COMMITTEE ON BIOLOGICAL ABSTEACTS 
AND THE UNION OF AMEEICAN BIOLOGICAL 
SOCIETIES 

Before the current war Biological Abstracts had already successfully met 
its crisis and was fast moving toward financial independence through sub- 
scriptions, even though priced far below any comparable service in its field. 

It was rendering, as a cooperative, non-profit enterprise, a gratifyingly 
prompt service with all indexes up to date. In 1939, 18,000 abstracts were 
published from 1,150 publication sources. The separate Plant Science Sec- 
tion ^‘D^’ contained 4,302 abstracts from 682 sources, including 648 phyto- 
pathological abstracts from 204 sources, as well as world research in plant 
physiology, anatomy, ecology, taxonomy, biometeorology, horticulture, 
agronomy, and forestry. 

In 1940, however, the war brought cancellations of many foreign sub- 
scriptions. More will undoubtedly follow. To meet this new crisis, the 
budget was cut. Mr. H. I. Anderson, the new Business Manager, made 
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energetic efforts to bring in new subscriptions. Societies continued their 
aid. The results are distinctly encouraging. The reserve fund will liardly 
be touched, thus providing a backlog for 1941. In s]iite of the curtailed 
budget, over 17,000 abstracts and the usual indexe.s were issued in 1940. 
Promptness Avas continued. Cooperation is needed, however, to raise sub- 
scriptions to the self-sustaining level. - 

Your Committee suggests that Society members can help most by local 
canvassing. Are the main library and departmental reading rooms provided 
Avith enough copies for future, as well as present, reference! Are nearby 
teachers’ colleges, junior colleges, public and high school libraries supplied? 
Do local industries A\dth biological interests realize the time saved at Ioav 
cost through use of Biological Abstracts? Your Committee Avill appreciate 
cooperation in making this important service available Avherever needed. 

Howard P. Barss, 
Chairman. 

December 27, 1940. 


BOOK REVIEW 

Dickson, James Gr. Outline of Diseases of Cereal and Forage Crop Plants of the Xorth- 
ern Part of the United States. 259 pp. Burgess Piiblisliiiig Oo., Miimeapolis, 
Minnesota. 1939. $3.00. 

This book, an outline pertaining exclusively to diseases of field crops, is the first to 
bring together in one place information and literature citations that, heretofore, were 
available only in bulletins, scattered scientific journals, and in text or reference books. 
The index is well-done, although it might be improved by including all the common 
synonyms of -the pathogens given in the text. The book is reproduced im mimeopriiit 
and contains neither photographs nor other illustrative material. 

The text is divided into two sections: Bart 1, diseases of cereal crops (including flax) ; 
and Part 2, diseases of forage crops. The first part (197 pp.) includes chapters on dis- 
eases of barley, corn, oats, rye, sorghum and millet, wheat, and flax ; while the second part 
(42 pp.) is divided into 3 chapters dealing with diseases of alfalfa and sweetclover, clover, 
and soybean. Diseases are considered in the following sequence : nonparasitic, virus, bac- 
terial, phycomycetous, aseomycetous, hypomycetous, and basidiomycetous. This arrange- 
ment necessitates considerable repetition when one disease occurs on several hosts. Only 
the major diseases have been discussed, and the number affecting a crop varies from 8 to 
23. About 30 per cent of the book is devoted to information and citations on 23 diiferent 
diseases of wheat. 

The more important diseases are discussed from the following standpoints: hosts, 
geographic distribution, economic importance, description of symptoms, pathological 
histology, causal organism, seasonal develoiDment, and control measures j while the less 
important ones are presented only briefly. Keys for the determination of physiologic 
races of many of the important pathogens also are included. The pertinent literature is 
listed at the end of the section on each disease. More than 2300 literature citations are 
given. 

In some cases, direct references to the author or his work 'would be helpful, especially, 
for those who wish to consult the original articles; often a more complete statement would 
add materially to its value. A wfider separation of the diseases within a chapter would 
make the text more readable. Nevertheless, these criticisms and the few minor errors do 
not detract noticeably from the quality of the book, which the author intended only as an 
outline. One is impressed with the author/s thorough familiarity with most of the dis- 
eases and his understanding of the disease problems confronting pathologists. A book 
of this type has long been needed, and it will be a valuable guide and reference book for 
students, pathologists, and plant breeders.- — J. J. Christensen. 


TECHNIQUES FOR APPRAISING AIR-BORNE POPULATIONS 
OF MICROORGANISMS, POLLEN, AND INSECTS^ 

The Committee on Apparatus in Aerobiology, 
National Ee search Councils 

(Accepted for publication September 10, 1940) 

INTRODUCTION 

The cholera epidemic of 1848 and, later, the controversy over the question 
of spontaneous generation stimulated an early interest in the microbial popu- 
lation of the air, so that many of the pioneer studies of this subject were 
made by workers in the latter half of the 19th century whose objectives were 
the elucidation of the problems relating to the germ theory of disease and 
the origin of life. During the present century the study of the microbial 
and insect population of the air has been taken up by several groups .of 
investigators with different objectives, somewhat different backgrounds, and 
to a certain extent familiar with different literature. With regard to pri- 
mary interests these workers seem to fall naturally into the following 
groups : 1. Sanitary air analysis in ventilation studies of hospitals, schools, 
industries, etc. 2, Air-borne-pollen dissemination. 3. Microorganisms in 
the upper air. 4. Epidemiology of plant diseases. 5. Insect population 
and migration in the air. 

The purpose of this paper is to bring to the attention of investigators 
in each of these fields techniques that have proved useful in related fields. 
Consideration is given principally to methods of catching and counting air- 
borne material. Laboratory methods are described only when they have a 
direct bearing on population estimates.'^ 

^ Approximately one-balf the cost of publication of this paper was borne by the 
National Eesearch Council. 

2 This committee is a subcommittee of the Committee on Aerobiology of the National 
Eesearch Council, Washington, B, C. Its membership is as follows: P. N. Annand I) M 
Little, W. M. Lockhart, B. E. Proctor, W. P. Wells, E. P. Wodehouse, and E. B. Lambert’ 
Chan'man. ^ The different sections of the paper were prepared by the following writers:' 
Sanitary Air Analysis, W. E. Wells; Air-borne Pollen Dissemination, E. P. Wodehouse* 
Microorganisms in the Upper Air, B. E. Proctor ; Insect Population and Migration in the 
Air, P. A. Click; Germ Theory of Disease, Epidemiology of Plant Diseases, Summary and 
Conclusions, E. B.^ Lambert. The writers are grateful to Captain Harry Armstrong 
and to Dr. D. M. Little for collating material preliminary to the preparation of this paper 
Since this sub-committee report is the first publication emanating from the committee* 
the writers take this opportunity to express their appreciation of the large part played by 
the late Fred 0. Meier in inaugurating the entire program of the committee. They are 
also pleased to acknowledge the material aid furnished by access to Mr. Meier's biblio- 
graphic card file. 

3 Although a consideration of methods of determining industrial dusts is outside the 

scope of this paper, the field has much in common with aerobiology. A summary of the 
methods used and an entrance into the literature on this subject may be found in: Bloom- 
field, J.J. and J. M. Dallavalle. The Determination and' Control of Industrial Diist«s 
Pub. Health Bull. 217. 1935. -uusrs. 
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GERM THEORY OP DISEASE AND ORIGIN OP LIFE 

In attem|)ting to solve these problems by studying' tlie niieroscopie popu- 
lation of the air, investigators devised teehniqnes that ineliided the use of 
adhesive-coated glass slides, air washers, impinging aeroscopes, and air 
filters. 

Hogg (46) cites Osborne in 1854 as the first to eateh ^ ‘ germs and spores 
of fungi” with slips of glass coated with glycerine. 

Eansome (69) was one of the earliest to filter air by drawing it through 
distilled water. He described his method as follows : *^In 1857, glass j)lates 
covered with glycerine had been exposed in different places and examined 
microscopically.” . . . ^'During a crowded meeting . . . air Was drawn for 
two hours through distilled water, and the sediment examined after tliirty- 
six hours.” 

Pouchet (65) utilized the principle of the glycerine-coated slide in the 
construction of his aeroscope, shown in figure 1. His apparatus had many 
points in common with present-day practice. By means of a water aspirator 
he drew measured volumes of air through a, funnel-shape tube onto a glass 
slide coated with adhesive. At the point where the air discharged onto the 
glass slide the tube was restricted to 0.5 mm. in diameter and ended about 
1 mm. from the slide. Thus, most of the particles that adhered to the slide 
were in a space about 2 mm. in diameter directly opposite the small opening 
of the funnel. 


POUCHETS AEROSCOPE 
- I860 - 


PASTEURS AIR FILTER 
~ I860 - 



g/ass slide 


nitro- cellulose plug 
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Maddox (52), later, Ciimiiiigliain (20) and Airy (2), modified Poiicliet’s 
aeroscope by pivoting it in a horizontal position and adding a tail to keep it 
turned toward the wind, like the pointer of a wind vane, shown in figure 1. 
The}^ placed drops of water and ditferent plant and animal decoctions on 
the glass slide opposite the stream of air. By this means they germinated 
and cultured spores of many different microorganisms. Cunningham ^s 
drawings clearly illustrate the presence of bacteria, nematodes, fungi, and 
pollen grains on his slides. 

Pasteur (61) used a nitrocellulose filter (Fig. 1). He described his 
apparatus in 1860 as follows : ^ ‘ By means of a continuous water aspirator I 
pass outside air through a small cotton plug of the modification of cotton 
which is soluble in alcohol and ether. The cotton arrests a part of the 
solid particles contained in the air. It is then dissolved in a small test tube 
with an alcohol-ether mixture and allowed to stand for 24 hours. When all 
the particles have settled to the bottom it is easy to decant the upper liquid 
without disturbing the sediment if one separates each decanting by a period 
of standing of from 12 to 24 hours. Finally, the suspended particles are 
poured onto a glass slide where the solvent evaporates rapidly. It is then 
easy to examine the particles under the microscope and submit them to 
various reagents.’’ His method, of course, killed the microorganisms, but 
was effective in demonstrating the presence of spores in the air. 

Tyndall (83) used dust-proof chambers, coated on the inside with gly- 
cerine and fitted on 3 sides with windows to obtain the '‘optically pure” 
air, which he used in experiments and demonstrations to disprove spon- 
taneous generation. He constructed 50 of these boxes. 

The best summary of the work of this group may be found in the paper 
published in 1873 by Cunningham (20), He reported his work in great 
detail, illustrated his findings with beautiful drawings, and gave a brief 
outline of the work of each of his colleagues. 

SANITARY AIR ANALYSIS 

In this field the techniques most extensively used have been modifications 
of the following methods: 1. Filtering air through granular material. 
2. Bubbling air through sterile water. 3. Centrifuging air onto media. 
4. Horizontal exposure of agar plates. 

Methods of examining the air used by earlier workers were summarized 
by Macdonald (53) in 1883. He called attention to the aeroscopes of 
Pouchet and Maddox and described the experiments of Chaumont in which 
air is carried through a succession of bottles of pure distilled water. 

Frankland (34), in 1887, devised a volumetric air filter consisting of a 
small tube i inch in diameter by 5 inches long containing glass wool and 
granulated sugar as filter material. Samples of air were pulled through this 
filter by means of a lO-liter-bottle aspirator. Buller and Lowe (7) made 
extensive comparisons between the bacterial counts obtained with the Frank- 
land filter and by exposure of agar plates. They described their methods in 
detail. In these studies counts were made every day for an entire year. 
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Petri (63) designed a sand-filtration tube in 1888^ wMeli was for many 
years tbe standard qnantitative method of measuring bacterial content of 
air. The Petri apparatus consisted of a glass tube 9 cm. long and 1.6 cm. 
in diameter, filled with two columns of sand separated from each other and 
held in place by wire gauze. Definite volumes of air were drawn through 
the sterilized filter tube. The sand was then transferred to sterilized gela- 
tine where it was shaken up and the resulting mixture plated out in Petri 
dishes. 

Soper modified the Petri technique by passing the air successively 

WELLS’ AIR CENTRIFUGE 
- 1933 - 



stationary 
contra! tube 


PETRI’S SAh© FILTER 
- 1888 - 



gtass Wt Je 


RETTGER'S AIR WASHER 
- 1910 - 


air sanvfte 


WELLS’ IMPINGING CENTRIFUGE 
- 1937 - 


removabfe celluloid 
strip 



,1 concdre discs 

_ - ^rotating at bigh speed 


motor 



air washer and air eentrifnge developed hy Petri, Eettger, and 
™ sanitary air analysis. The WeUs Impinging CeS;ri£uge, 

stoZLtVZae air the pollen and fungL- 
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tlirougli two sand filters, washing the sand with sterile water or salt water, 
and subsequently plating out the bacterial suspensions. As illustrated in 
figure 2, this is essentially the standard method adopted in 1910 by a com- 
mittee consisting of Winslow, Eichards, Soper, Thomas, and Weinzirl (92) . 
They recommend the following apparatus and procedure : 

Standard Method for Enumerating Bacteria in Air (Filtration method 
of Petri). The filter tubes, etc. The filter tubes are of glass, 1-| cm. in 
diameter and 10 cm. long. In the end of each is placed a perforated cork 
stopper through which a glass tube 6 mm. in diameter is passed. The filter 
consists of a layer of sand, which has been passed through a 100 mesh sieve, 
1 cm. deep, supported by a layer of bolting cloth covering the cork. Two 
filter tubes are connected in tandem and a measured volume of air, 10 1. or 
more, is drawn through at a constant rate of suction. The suction is applied 
by means of an aspirator of known volume, preferably one of the double 
or continuous type. Before using a pair of filter tubes, a test for possible 
leakage is made by placing the thumb over the cotton stopper and applying 
the aspirator ; if the suction is weak or absent, the corks must be tightened 
or the tubes discarded. All corks should be tightened and connections 
wired immediately before using the filters. The collection of the sample 
should take from 1 to 2 minutes, per liter. 

After filtering a definite volume of air through the tubes, the sand is 
shaken out into 10 cc. of sterile water, thoroughly shaken, and aliquot por- 
tions plated in ordinary nutrient agar, all plates being made in duplicate. 
The plates are incubated at room temperature for 5 days, when final counts 
are made. If Petri dishes 9 cm. in diameter are employed, all plates showing 
a larger count than 200 colonies should be rejected to eliminate inhibitive 
action.’’ 

This method has been used by Winslow, Baskerville, Browne, Euehl, and 
others. Clark and Gage (13) used a triple sand filter and substituted a 
hand pump for the aspirator in obtaining air samples. 

Eettger (71) advocated in 1910 a method of filtering air that involved 
bubbling it thi’ough sterile water (Fig. 2). The required apparatus is 
simple to construct and effective. 

A few years later the committee of Winslow al. (92) compared the 
^‘standard” Petri-filter method with the new Eettger method and concluded 
that there was no appreciable difference in the accuracy of the two methods. 
The sand filter method was again recommended on the basis of convenience 
of handling in the field. 

Wells (89), in 1933, devised an air centrifuge that introduced an en- 
tirely new principle in the counting of the bacterial population of the air. 
The Wells air centrifuge (Fig. 2) is essentially a long narrow cylinder 
coated on the inside with a culture medium, usually agar, and so arranged 
that it can be rotated on its axis at high speed, causing air to be drawn 
slowly through a stationary central tube and to pass out over the medium. 
The rapid rotation (4,000 r.p.m.) of the cylinder causes a similar rotation 
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of the air as it passes out through the bottle. Ceiitrifiigal force developed 
by this rotation preeij)itates onto the agar almost all of the dust and inicro- 
organisnis contained in the air. With this inaeliine it is almost as siiuple 
to centrifuge samples of air as to expose agar plates, yet the results obtained 
are quantitative measurements eomparable to those heretofore attained only 
by the somewhat cumbersome filtration and ] 3 lating methods already de- 
scribed. Several oi^eratioiis are combined in one. The ('entrifuge creates 
and measures an air flow, precipitates the floating ini(iro()rgaiiisins, and 
permits colony counts without further plating. 

Pincus and Stern (64), after making extensive studies of air polliition 
in New York City with the Wells air centrifuge, were enthusiastic in their 
praise of the apparatus. 

Wells, Phelps, Eobertson, and Winslow (90) have recently discussed 
rather fully the advantages and limitations of the centrifugal bacteriological 
procedure in air analysis. 

The simple expedient of exposing Petri dishes of agar in a horizontal 
position has been used by many investigators, notably Saito (75, 76, 77). 
In many studies an air-exposure time, equivalent to exposing 1 sq. ft. for 
1 min., has been adopted as routine practice. This is about a 15-inin. 
exposure with a midsize Petri dish. Zo Bell and Mathews (97) used salt- 
water and fresh-water media to distinguish between organisms in sea breezes 
and land breezes. Clark and Gage (13) found the exposure of dry plates 
and subsequent pouring of the media to be more convenient than the ex- 
posure of poured plates and just as effective. Clark and Gage (13), and 
Wells (87) made extensive comparisons of the plate-exposure method with 
the sand-filter and centrifuge methods. Their data indicate that the plate 
method gives an entirely different result. The counts from the plates were 
much lower and somewhat less consistent. Counts obtained from 15-min. 
plate exposures are usually about 1/10 as large as those obtained from 1 
cu. m. filtrations or 10 cu. ft. centrif uge runs. When there was a higli 
proportion of light particles in the air, such as droplet nuclei, ” the rate 
of settling out of particles due to gravity was found to be comparatively 
slow, and the plate-exposure method was even less efficient as compared to 
the centrifuge or the filter methods. 

AIR-BORNE POLLEN DISSEMINATION 

For detecting pollen of general atmospheric distribution the methods 
generally employed, because of their cheapness and simplicity, are those of 
gravitation, in which advantage is taken of the fact that pollen grains, in 
common with dust particles, tend always to fall through the air at a rate 
depending upon their size, shape, and specific gravity. 

Microscope Slides 

The usual method is to expose inicroscope slides in a horizontal position 
for 24 hours. Various kinds of adhesive have been employed to catch and 
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hold the pollen, thoiigli it is doubtful if this is important in most cases, 
because pollen gTains are of such a magnitude that when they touch an 
object they stick to it. This method appears to have been first used by 
Blackley (4), coating the slides with glycerine. But glycerine alone is 
unsatisfactory in rainy or even damp weather, because of its strong tendency 
to absorb water. A thin layer of glycerine jelly is under ordinary circum- 
stances a better adhesive, since it provides a medium of suitable refractive 
index in which to observe the grains, and presents the grains in their moist 
and expanded condition, but not ruptured. 

Wodehouse (93, 94, 95) uses commercial glycerine jelly to which enough 
basic fuchsin has been added to make it as dark as red ink. This is applied 
in a thill, uniform layer to a circular area of a microscope slide, 18 mm. 
in diameter. The method employed necessitates melting the basic fuchsin- 
glycerine jelly in a water bath. A slide is heated gently by passing it 
several times through a flame, fastened on a slide turntable and centered 
exactly. A small camel-hair brush is dipped into the jelly, the slide spun 
by giving the turntable a vigorous twist, the brush touched to the slide at 
its center of revolution and stroked slowly outwards to the boundary of the 
18 mm. circle of the slide turntable. The result is a perfectly circular area, 
18 inm. ill diameter, evenly covered with a thin layer of melted glycerine 
jelly. The slides may be stored for a month or more in suitable containers, 
so that a dozen or two may be made up at a time and exposed as needed. 

After exposure, the slide is examined with a hand lens and grains of 
sand or large bits of organic material, if present, are removed with a needle, 
so as to permit the cover glass to settle into position. The slide is then 
warmed enough to melt the glycerine jelly, and a No. 0 cover glass, 18 mm. 
in diameter, placed over it. 

Both glycerine and glycerine jelly possess one serious objection; they 
take up moisture so readily from the atmosphere that if the weather is 
showery or even excessively humid the preparations usually are spoiled. 
Under these conditions some kind of oily medium should be substituted. 
Mineral oil, boiled linseed oil, and vaseline have been used. Vaseline has 
been extensively used by Durham (27, 28, 29, 30), Rowe (74) and others. 
For best results vaseline is applied in the thinnest possible layer. A satis- 
factory way to prepare vaseline slides is to use a slide turntable in much 
the same way as for glycerine jelly preparations. 

After exposure the slide is brought in and examined for extraneous 
material that might keep the cover from settling into place. When freed 
from all such, a very small drop of glycerine-alcohol-water mixture with 
basic fuchsin added, is applied to the center of the oil smear and the slide 
heated gently over a small flame, and a No. 0 cover glass added. The 
pollen grains are thus presented stained and in a suitable medium for 
examination; if the vaseline smear be sparse enough the oil would interfere 
but slightly. 
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Exposing the Slides 

Many different ways of exposing the slides and of protecting them from 
the weather during exposure have been devised. By manyj e.g.y Schep- 
pegrell (78, 79), it is considered sufficient to expose the slide on any flat 
surface, such as a window ledge, without protection. In diy regions, where 
there is little rain, this is sufficient ; but, under most conditions, of course, 
many slides are spoiled by light showers from which they could easily be 
protected. Almost any shelter that will shed the rain and at the same time 
permit free access of the air will serve. A small wooden roof about the 
size of that of a bird-cage raised on 4 posts about 4 inches above the slide 
will serve very well. Acquarone and Gay (1) devised a convenient metal 
shelter more or less open at all sides, and with clamps inside to hold the 
slide. 

It has repeatedly been demonstrated that slides held in a vertical posi- 
tion facing the wind catch considerably more pollen than in the horizontal 
position — ^provided there is wind. Penfound and Efron (62) devised a 
holder for two slides mounted on a weathervane. In this, one slide remains 
horizontal while the other is kept constantly facing the wind. Their rec- 
ords showed that the vertical slide caught not only absolutely more pollen 
than the horizontal one, but also relatively more of some kinds than of 
others. La Push (50) used 5 slides for each record, 1 horizontal and 4 in 
upright positions, ^^one facing each direction of the wind,’’ in order to meet 
all exigencies of this kind. 

Making use of the fact that much more pollen is thrown out of the air 
when made to impinge upon the slide than falls out by gravity, Duke (23) 
devised a pollen-catching apparatus in 1923 that consists of a small blower, 
of the type used for hair drying, that delivered air at the rate of approxi- 
mately 40 miles per hour on a greasy slide set across the air stream at an 
angle of 45"^. His records indicate that 5 minutes’ exposure with the 
blower are equivalent to about 24 hours’ exposure by the gravity method. 
This apparatus is in principle a modification of Pouchet ’s aeroscope 
described elsewhere. 

Eecording Pollen Counts 

All methods depending upon gravity for depositing the pollen on the 
slides are open to the objection that no exact correlation can be established 
between the number of grains caught on a given area in a given time with 
the number of grains present per unit volume of air. Consequently, most 
investigators depending wholly or in part on gravity for pollen deposition 
report their results in terms of grains caught per unit area generally in 
24 hours. The area used is usually one of convenience and is stated in the 
record. Wodehouse prefers to use 2.5 sq. cm., or the area covered by a 
circular cover glass 18 mm. in diameter; the circular cover glass is necessi- 
tated if the adhesive is spun on the slide. Some investigators use square 
cover glasses of varying size, reporting their counts in terms of the area 
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covered. Others report their data in terms of a number of excursions 
across a field of given width at a known magnification or in terms of arbi- 
trarily chosen unit areas, i.e.j sq. cm., sq. in., sq. ft., by applying the neces- 
sary factors to their counts. The methods used by various workers are 
outlined by Cocke (14). 

Scheppegrell (79), making use of Stoke ’s law governing falling bodies, 
has developed a formula for calculating the number of grains per unit 
volume of air from the number caught on a given area in given time : 

IxN 
n = — — 

V t 

Where n = no. per cu. yd., 

N = total number falling on 1 sq. cm., 

V = velocity of fall, 
t = time of exposure. 

The velocity of fall (v) he calculated from Stokers law 

2 gr^ 


V- 


9K 


Where g = the acceleration of gravity (980 cm.). 
r = the radius of the sphere, 

JT = coefficient of viscosity of air (0.00018). 

Scheppegrell assumed that the specific gravity of pollen is 1, which 
appears to be very nearly correct, and that pollen grains are spherical, 
which is hardly ever true, though in most cases the deviation from the 
spherical is probably not a factor of great importance. But, he adds, ‘Hhe 
values will be considerably higher in the case of pollen with spicules, the 
velocity being considerably less than the calculated value.’’ He does not 
say directly what the extent of this effect is, but elsewhere, in his discussion 
of the “distance traversed in air currents by pollen of various size,” which 
is also based on Stoke’s law, he does say, “for spiculated pollens, add 10 to 
50 per cent, according to the size and length of the spicules.” Presumably, 
if spicules extend the range of transport of pollen grains 10 to 50 per cent, 
they do so by slowing the rate of fall by that amount, which is probably a 
fair enough estimate of the effect of “spicules” on the rate of fall of 
pollen grains. 

Unfortunately, as pointed out by Cocke (14) in 1937, Scheppegrell, 
in applying Stoke’s law mistakenly, used the diameter of the pollen grains 
instead of the radius. Table 1 shows the order of magnitude of the error 
in Scheppegrell ’s data and indicates the profound effect of the size of the 
grain on the value of which illustrates the importance of consider- 
ing pollen-grain size when computing their atmospheric density from 
Stoke’s law. 

On the basis of Scheppegrell’s conversion factor for pollen grains 20 n 
in diameter, Durham, in 1918, and others later (22, 41, 85, 91) adopted 
the procedure of counting pollen from an area of 1.8 sq. cm. on slides 
exposed for 24 hours. These counts were frequently recorded directly as 
the number of grains per eu. yd. in air. In the light of Cocke’s recalcu- 
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TABLE l.—Belation of the diameter of smooth sidierlcal pollen praites to the theo- 
retical velocity of fall and the resulting formulae for computing the number of grains 
per cubic yard of air (n) from the number of pollen grains gal loured per sg^uare centi- 
meter on an atniospheric pollen plate in B4 hours (N) 


Diameter of 
pollen in 

Velocity of fall, 
foot per second 
(Cocke) 

Formulae errone- i 
ously calculated 
by Sclieppegrell ’ 

Formulae cor- 
rectly calculated 
l>y Cocke 

10 

0.01 

hi- = 7.3 V 

n = 29.1 V 

20 

0.04 

1.8 iV 

7.3 V 

30 

0.09 

0.8 K 

3.2 .V 

40 

0,16 

0.45 V 

1.8 :v 


lation of Selieppegrell ’s formulae, as indicated in table 1, it is evident that 
correction factors that take into consideration the correct formulae for 
pollen of different diameters must be applied to these data. 

Cocke (15) has shown experimentally that his conversion formulae are 
approximately correct for most pollen grains by comparing* them with actual 
counts of the number of pollen grains obtained from measured volumes of 
air. He found that “for spiculated pollen, such as that of ragweed, the 
actual concentration is about one-third greater than the calculate concen- 
tration,^^ and “for pollen with air sacs or wings, e.g., pine, 50 per cent 
should be added to the calculated atmospheric concentration.’’ In this 
paper he also furnishes a table for determining at a glance the number of 
pollen grains of any size per cubic yard of air from the number of grains 
caught on one sq. cm. in 24 hours. 

Open Dish Method 

A method described by Liidi and Vareschi (51) requires exposure, witli- 
out cover or protection of any kind, a shallow dish such as a Petri dish, 
but deep enough to avoid overflow by rain. The inside of the dish is covered 
with a thin layer of water and glycerine. After exposure, the pollen, 
glycerine and accumulated rain water are washed out with pure water 
and centrifuged so as to concentrate the solid material into 1 or 2 cu, cm. 
of liquid. Then this is boiled in 10 per cent KOH for three to flve minutes 
to remove the cell contents of the pollen grains. The material may then be 
suspended in a measured volume of water and the pollen grains of a mea- 
sured fraction counted. From this may be calculated the number of pollen 
grains falling into the dish per unit area. 

Eempe’s Catch Tubes 

Kempe (70) in a very extensive series of investigations on the atmos- 
pheric dispersal of pollen, caught his material on cellophane coated with 
vaseline. For this he used small brass tubes, 14 mni. in diameter and 
45 mm. long. Across each end he wrapped a thin sheet of cellophane coated 
lightly with vaseline. The tube was then suspended horizontally, and, when 
necessary, protected with a conical roof 13 cm. in diameter. These Tubes, 
wdth their protecting roofs, wrere suspended in the crowns of flowering trees 
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and from the tops of poles of varying heights and distances from the trees 
under investigation. The same tubes also were used on airplane flights 
suspended behind the propeller. After exposure the cellophane sheets were 
removed and placed face down on microscope slides so that the pollen was 
observed in vaseline between cellophane and glass. The counts were re- 
corded as the number of grains caught per square centimeter of exposed 
surface. Eempe argues that since pollen is blown onto the stigmas of plants 
instead of dropping on by gravity, his tubes more closely approximate 
natural conditions than do the horizontal slides. 

Snow and Eain 

Miquel (58), in 1883, found pollen in freshly fallen snow. Busse (9) 
collected fir pollen in rain drops. 

All the methods of atmospheric pollen enialysis that deiiend wholly or 
in part upon gravity should be regarded as qualitative rather than quanti- 
tative. They serve to show quickl}^ and easily what kinds of pollen are in 
the air, and, if the different sizes of each are taken into account, they show 
the relative abundance of each. But as an absolute measure of the amount 
of pollen in the air, at best, they only give a rough approximation. 

Air Scrubbing 

Zift'erblatt and Seelaus (96) used a scrubbing tower for making pollen 
counts. Their apparatus, described in 1935, differs from Eettger’s in that 
they used glass beads to break up the air bubbles as is common practice in 
gas analysis. An integral flow meter enabled them to measure the volume 
of air pulled through, their apparatus. They have adopted 200 cu. ft. of 
air as the standard unit of sampling. The material collected was examined 
under the microscope or plated out in the usual manner. 

Air Filtration 

Erdtman (31) described in 1937 a method of accurately determining 
the number of pollen grains of each species in measured volumes of air 
(Fig. 3). His apparatus, which he calls the Aerosol Collector, is a small 
vacuum cleaner with its filter bag replaced by a plaited filter paper sup- 
ported on an aluminum frame. All the air that enters is forced through 
the filter paper and, as it leaves the apparatus, it led through a pipe where 
it can be metered. Through one side of the exhaust pipe is inserted a pitot 
tube with a short right-angle bend turned so that its orifice faces against 
the flow of air. The pressure exerted in the pitot tube by the flowing air 
is transmitted by a rubber tube to a mercury manometer. The manometer 
is calibrated with the assistance of an ordinary air meter, so that the pressure 
is read in terms of cubic meters of flowing air per hour. If the manometer 
is read at the start and again at the finish of the run, the total amount of 
air that passed through the paper during the run can easily be calculated. 
At the end of the run the filter paper is removed from the collector and 
taken to the laborator}^ for analysis. 
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The paper with its collection of spores and pollen grains is treated with 
acetic anhydride and sulphuric acid, 9 : 1, heated to boiling on a water 
bath, to dissolve the filter paper and other unwanted material. The mixture 
is then centrifuged, the sediment washed to free it of the reagents, and sus- 
pended, in a measured volume of water. A sample of this is removed and 


ERDTMAN'S AIR FILTER 
- 1938 - 



air sample OWEN'S DUST IMPIN6ER 



Pig. 3, Above is Erdtman^s air filter, used for deterniiniiig the coucentration of 
pollen in the air over the mid- Atlantic ocean. Below are Owens ^ and Stakman^s devices 
used for catching dust particles and fungus spores during airplane flights. 


placed in a specially devised counting cliamber similar to that used for 
counting bacteria, but modified to adapt it to the much larger size of the 
pollen grains. The counting chamber enables one to learn the exact num- 
ber of grains of each species of pollen per cubic centimeter of the aqueous 
pollen suspension. Prom this can readily be calcul d the number of 
grains per cubic meter of air that passed through the Aerosol Collector 
during the, run. . 
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Air Centrifuge 

Wells (unpublished) has devised a type of rotating impinger especially 
adapted for pollen counting that impinges air onto a dry strip of celluloid 
(Fig. 2). The rotating parts of this apparatus consist of two concave face- 
to-face discs, spaced at their edges by the thickness of a cover glass and a 
strip of celluloid upon which the spores are precipitated. The arrangement 
provides a lens-shape chamber opening with a thin marginal slit through 
which air is projected onto a celluloid strip that rotates with the discs at high 
speed. The centrifuge revolves at about 4000 r.p.m., drawing air at the rate 
of about 3 cu. ft. per min. into the concavity between the two discs and pre- 
cipitating the particles in the air onto the celluloid film in a narrow band 
suitable for microscope examination. Sampling the air consists simply of 
inserting a celluloid strip and spinning the instrument for about 10 minutes, 
which draws 1 cu. m. of air through the centrifuge. In making counts, more 
than 90 per cent of the microorganisms caught are found in 3 traverses along 
the strip with a lower-power objective. This device combines the principle 
of impinging with that of centrifugal precipitation. 

MICROORGANISMS IN THE UPPER AIR 

Pasteur and his colleagues pioneered in this work by opening sealed flasks 
of sterile media for short lengths of time at different altitudes on glaciated 
mountains. 

Stakman et al. (81), Kimball and Hand (49), and Mischustin (59) were 
the first to use airplanes in this work. The former exposed 1 in. x 3 in. glass 
slides coated with vaseline and with glycerine jelly. Most of the exposures 
were made by means of slides fastened to paddles and kept in bottles before 
and after exposing (Fig. 3). When the plane reached the desired altitude 
the paddles were removed from the bottles and held out over the side of the 
cockpit. 

Kimball and Hand (49) took samples by means of the Owens impinger 
(Fig. 3). This instrument is of special interest because it uses an entirely 
different principle from any other apparatus herein described, namely, the 
precipitation of dust particles in condensing moisture. The new feature of 
the apparatus is the damp chamber, which causes the air sample to become 
saturated with moisture. After saturation the air sample is drawn through 
a narrow slot at greatly reduced pressure, which causes the dust particles to 
be precipitated in droplets of dew on the glass cover slip placed opposite the 
slot. This apparatus has been widely used in dust-survey work. 

Hubert (47) , in 1932, described a spore trap designed by Schmidt that 
enables the operator to expose and change glass slides at a distance of 1 m. 
from the cockpit. His apparatus consisted of a long handle supporting a 
wooden cylinder w‘ several glass slides attached and a box enclosing the 
cylinder, except for an opermg arranged, so that one slide at a time could 
be exposed by rotating the cylinder. 
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Mischiistiii (59), Craigie and Popp (19), Brown (5), Meier, Stevenson, 
and Charles (56) and Walker (86) nsed glass slides and agar plates. 

Proctor (66, 67, 68) brought air to his spore traps by means of a copper 
tubing that projected above the wing and was thus free from dust that might 
be blown off the plane. He passed samples of air through sterile fiber filters 
that were then disintegrated in sterile media and plated out in the usual 
manner. A venturi, placed on the plane wing, was used to draw the air 
through the filters arranged in a rotating magazine, as shown in figure 4. 
This equipment was modified later to permit aseptic niicroscopic examina- 
tion and photomicrography of the collected particulate matter. The oiled 
slide impinger, based on the Pouchet apparatus, was ineorporated and the 
culture methods simplified- Proctor and Parker have constructed recently 
an automatic sampling equipment based on the principles of this manually 
operated apparatus. In this equipment exposures are made on glass slides 
for definite time intervals, and provision is made for maintaining sterility 
and convenient subsequent analysis of the samples. An electrically con- 
trolled timing mechanism exposes successive slides to the incoming air stream 
and circulation is provided by a motor-blower in addition to that obtained 
by the positive pressure on the intake pipe, ydiieh is headed in the direction 
of flight. The intake system is kept closed by a protective cap prior to the 
time of sampling, is opened and held open magnetically, and closes when the 
last sample has been taken. The equipment is started by a switch on the 
instrument panel of the plane and operates automatically until 10 samples 
have been taken; then the equipment stops and is sealed without manual 
attention. Microscopic examination, photographing, and culturing are fur- 
ther simplified, and opportunities for contamination are practically elimi- 
nated. A photographic mechanism is incorporated to record the time of 
sampling, temperature, altitude, rate of air flow, and the number of samples 
being taken. This equipment has been calibrated in an aerodynamic wind 
tunnel and has been operated successfully in army airplanes. It is designed 
to fit directly into the aerial-camera mountings of army planes, but can be 
readily adapted to other types of aircraft. 

Meier and Lindbergh (57) enclosed glass slides in separate metal cart- 
ridges, similar to Stakman’s bottles, which were held in an apparatus that 
enabled them to remove the slide, expose it, and return it to the cartridge 
while the cartridge was at some distance from the airplane cockpit (Pig. 4). 

The air scrubber of Zifferblatt and Seelaus (96) was adapted to airplane 
work by leading the air into the apparatus in much the same manner as 
Proctor did, except that a funnel-shape opening at the forward end of the 
tube forced the air through the apparatus rather than a venturi. 

Mehta (55) used glass slides, attached to kites and balloons, to obtain an 
index of the number of cereal-rust spores in the upper air. Chatterjee (11), 
in 1931, gave a detailed account of the apparatus used with balloons, which 
apparatus included a trigger device activated by a fuse to time the ascent 
of the balloon and seal the slide after exposure. 
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Tsiigi and Knrosa-vva (82) exposed vaseline-coated slides and Petri dishes 
in airplanes. Some of the exposures were made by means of a tube leading 
into the cabin from outside. More spores were caught on slides and dishes 
exposed at right angles to the air movement than on those held on an angle. 


PROCTORS FILTER MAGAZINE 
- 1934 - 


jLINDBERGH- MEIER SKY HOOK 
- 1933 - 


air sample from collector 
tube, projecting frcm 
I airplane wing 



rotating disk 


air Steve or 
glass cover slip 


to venturi tube on 
airplane wmg 
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air passage, used 
m-T between exposures 




^ . petrolatum film 



0^0 


FRONT VIEW OF DISK REMOVED FROM CASE 


Fig. 4. Apparatus devised by Proctor and by Lindbergb and Meier for catcbing 
spores during airplane flights. 

EPIDEMIOLOGY OP PLANT DISEASES 

Extensive studies of the dissemination of plant disease by means of air- 
borne spores have been made in relation to bunt of wheat, chestnut blight, 
white-pine blister rust, corn dry rot, apple scab, apple rust, and cereal rusts. 
Investigators in this field have used methods quite similar to those employed 
by the other groups, ie., gravity methods, filters, impinging aeroscopes, and 
airplane exposure of glass slides and Petri dishes. In addition, they have 
been able to trace the movement of spores in the air by observing the spread 
of infection in fields of susceptible plants. 

In 1909 Burrill and Barrett (8) exposed funnels coated on the inside 
with adhesive in studying the movement of corn-rot spores. Heald, Gar- 
dener, and Stiidhalter (44) studied the dissemination of chestnut-blight 
spores in 1915 by several methods ; glass slides, agar plates, Prankland sugar 
filters, and shallow dishes of sterile water. A few years later Heald and 
George (45) used shallow-dish water traps exposed to gravity precipitation 
of spores for studying showers of bunt spores occurring at harvest time. 
During the past 20 years, Stakman, Bailey, Craigie, and others have made 
eitensive use of the method of exposing glass slides at the ground level in 
studying movement of cereal-rust spores. 
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Keitt and Jones (48) described a modification of Pasteur’s gmi-cotton 
filter in 1926, wMeh they used for catching ascospores of the apple-scab 
fungus. Their apparatus consisted of a Pasteur filter unit, inanonieter, gas 
meter, and motor-driven suction pump. This enabled them to make ac- 
curate volumetric counts of the spores in air drawn through the filter at a 
rate of 1 cu. ft. per min. 

Christoff (12) exposed slides in orchards by a modified Maddox aero- 
scope. The small end of the funnel on his aeroscope was about 1 cm. in diam- 
eter and the opening was spaced 3 cm. from the slide. Lactoglycerine was 
used as an adhesive. 

The use of airplanes (81) and kites (55) in the study of epiphytotics of 
cereal rusts has already been described in the discussion of microorganisms 
in the upper air. 

Spaulding (80) discusses studies on the wind dissemination of white-pine 
blister rust spores in which infections at various distances from knoAvn 
sources of inoculum were used as indices of distances to which spores were 
carried by the air. This method also has been used extensively by Stakman 
and others in the study of dissemination of stem rust of cereals from bar- 
berries to surrounding grain fields, and in tracing the movement of cereal- 
rust infection from south to north throughout the Mississippi Valley. Many 
analogous cases of studies of dust movement are cited by Free (36), 

Buller (46), McCubbin (54), and Ukkelberg (84) have devised methods 
of studying the rate of fall of fungus spores in still air. 

INSECT POPULATION AND MIGRATION IN THE AIR 

For many years attention has been given to the insect population in the 
upper air, and references to observations and notes on insect migration and 
distribution through the upper air are numerous. Only in recent years, 
however, has any serious attention been given directly to methods of collect- 
ing data and material. Since 1926, a definite attempt has been made to 
collect and study insects in the upper air. Many collections have been made 
thousands of feet or even several miles above the earth’s surface. Extensive 
studies also have been conducted on insect movements close to the earth’s 
surface. The more important of these collections and investigations are 
herewith considered, with the respective methods, devices, and techniques 
used. 

In general, the methods used have been adaptations of the time-honored 
net collectors and of adhesive-coated screens. Near the earth’s surface large 
stationary screens have proved especially useful and motor-diuven rotary 
traps appear to yield data approaching quantitative estimations of atmos- 
pheric insect populations. In the upper atmosphere airplanes and kites 
have been used extensively. Traps using attrahents are omitted from this 
discussion. 

Rice (72), at the Idaho Agricultural Experiment Station, used special 
traps suspended from 6 inches to 65 feet above the ground. The traps were 


1941] The Committee: Aerobiologioal Techniques 217 

designed by Professor Claude Wakeland, and consisted essentially of a ver- 
tical screen panel, at the bottom of which on each side was attached a funnel 
leading through a small hole into a tin can in such a way that most insects, 
striking the screen and falling through the funnel, would be trapped in the 
can. It was possible to trap insects flying from two sides only. No attra- 
hents of any kind were used, consequently only those insects that came into 
contact with the trap during their flights were captured. These traps were 
used on top of the Moscow Mountain Ridge, Idaho, to obtain information on 
the flight habits of the pea weevil, Bruchus pisorum (L.). 

Rigger t (73) studied the vertical distribution of fruit flies in Germany, 
using sticky screens. Screens were placed at intervals up to 60 feet in 
height. 

Smith conducted experiments in 1930 and 1931 at Tallulah, Louisiana, 
to determine the near-the-surf ace population of the air using standard 3-by- 
5-foot sticky screens that were placed on a towerlike stairway with 3-foot 
intervals between each elevation of these screens, making the height of the 
screens above as follows : 3, 9, 15, 21, 27, 33, 39, 45, 51, and 57 feet, with the 
bottom of the first screen 3 feet above the ground, as in the field-flight screen 
studies. 

Freeman (37) investigated the aerial distribution of insects by flying 
nets from the masts of the beam wireless station at Tetney, Lincolnshire, 
England. 

Pelt (32) made collections of insects from the roofs of tall buildings in 
Albany and New York City, etc. 

Gaines and Ewing (38), during the period 1933-37, made collections of 
the flea hopper (Psallus seriatus) from traps. One trap at College Sta- 
tion, Texas, extended 26 feet into the air, and had 4 sections, each with a 
5-ft. trapping surface, facing each of the cardinal directions. There was 
a space of 1 ft. between each 5-ft. section, for free circulation of air. 

Pulton and Chamberlin used a wind-vane type of insect trap, which auto- 
matically received and retained the insects borne by a representative moving 
current of air in studies of insect dispersal and flight associations, with es- 
pecial reference to the beet leaf hopper, Eutettix tenellus (Bak.). These 
traps were operated from spring to fall of 1930 in the Twin Palls- Jerome 
sugar-beet area of southern Idaho. 

Chamberlin and Lawson (10) have recently described a motor-driven, 
mechanical, rotating trap (Pig. 5) for the sampling of aerial insect popula- 
tions. The essential principal involved in the construction of this trap is 
that the power for its operation is so applied to one or more rigid insect nets 
as to cause them to rotate in a fiLxed horizontal plane at a spread suflS.cient to 
capture and retain in a removable collecting bag any insects that are inter- 
cepted. The utilization of this type of trap, with its adaptations, offers a 
quantitative method of determining the density of insect populations at dif- 
ferent elevations and at different periods of the diurnal and annual cycles 
relative to such phenomena as time, temperature, humidity, and light inten- 
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sity. Accurate records of insect populations can be obtained for the dura- 
tion of periods as brief as 5 minutes or less or for as much longer as is 
desired. The trap has been employed principally, thus far, in studies of the 
flight habits and dispersal of the beet leaf hopper, Eutettix tenelliis, and the 
pea weevil, BfMc/iMS pisonm (L.). 

click’s insect collector for airplanes 

- 1926 - 



CHAMBERLIN AND Lawson’s rotating trap 
-1940 - 



Pig. 5. Equipment extensively used in insect distribution studies. 


Grlick (39) was the first to use an airplane for the direct purpose of col- 
lecting and studying the insect fauna of the upper air. The trap, as origi- 
nally designed by him in 1926, consisted of 5 screen-covered frames for 
catching the insects, with suitable compartments, or magazines, for protect- 
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ing tlie screens before and after exposure (Fig. 5). Eefineinents in con- 
struction, manipulations, and adaptation for use on different types of air- 
planes were made from time to time, but the basic principles remained un- 
changed throughout the work. Only one trap was used at first, then later 
two traps. They were placed either between the wings of a biplane or under 
the wing of a monoplane, one on each side of the fuselage or cabin. A single 
compartment trap was adapted for the use on the leading edge of the lower 
wing of a biplane, but the principle remained the same. At the desired 
altitude the screens were pulled one at a time into the open compartment 
and exposed for 10 minutes at a time. They were covered with a thin coat 
of adhesive to retain the insects that came into contact with them. Speci- 
mens were taken as high as 15,000 feet. 

Gaines and Ewing (38), and Collins and Baker (17), have made exten- 
sive collections with traps, essentially as designed by Glick. 

Pelt (32) made airplane flights to collect insects in the upper air, using 
a trap with a sectional area of some 8 x 10 in., attached to the lower wdngs 
of a J. N. plane, and so arranged that glass slides, smeared with tanglefoot, 
could be exposed at given altitudes and for a definite time. 

Borland (3), in 1934, was the first European to use an airplane to collect 
insects in the upper air. He used a net with a long cord fastened to the 
end of the wing of the plane. It was possible to keep the net in the cockpit 
of the plane until the desired altitude was reached, when it was let out 
gradually and flown suspended from the wing of the plane. The net was 
similar to the type used for plankton studies. The first half of the bag was 
made of a larger mesh to allow the air to pass through it freely, with a 
smaller and finer mesh for the second half of the net. The opening of the 
net was 12 inches in diameter, and about 28 inches in length, slightly conical 
and rounded at apex. The bag was attached to a hoop that kept the net 
rigid at the opening. A fine grade of medicated cotton was placed in the 
bottom or end of the net to allow the insects to collect on this as they were 
forced into the air stream of the net. This served also to keep the insects 
from being broken and crushed in contact. The net could be withdrawn 
into the cockpit of the plane during flight, and the cotton containing any 
specimens taken during exposure, removed and new cottom replaced to be 
used for another altitude. Borland made many flights over Paris and also 
in North Africa. Jeanne Larribere, accoucheure a PHopital d’Oran, made 
a number of flights at Oran, Algeria (North Africa), using the Berland 
airplane insect nets, 

Whitehead and Fenton used a net on a Cub airplane in collecting the 
green bug (Toxoptera sp.). A strut was conveniently located on the cabin 
in such a position that the lower edge of the insect net could easily be rested 
on the strut. With one edge on the strut and one hand holding the upper 
edge, the net could readily be held in position for a period of 5 minutes, 
which was the usual length of time the net was exposed. The smaller net 
could be readily held in position by simply holding the handle with the two 
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hands approximately two feet apart on the end of the handle furthest 
from the net. A smaller net fitted within the larger net, and, after ex- 
posure, it was a very simple and easy task to draw the nets into the cabin 
of the plane, brush the insects into the tip of the small net, and secure them 
there by means of a rubber band, and place a new net into position for 
further collecting. 

Parlato, LaDuca, and Durham (60) made observations on the emana- 
tions of the caddis fly (Trichoptera) by exposing glass slides on towers of 
buildings. The presence of these emanations could be definitely established 
by the examination of the exposed glass slides, the method being similar to 
that of pollen determinations. 

Pelt (32) used traps on various types of kites for the purpose of demon- 
strating possibilities of capturing insects in the upper air. 

In 1933 the standard Weather Bureau kites were used in Montana to 
study the migration of the mountain pine beetle. Bight successful flights 
were made at elevations up to 8,000 feet. 

Hardy and Milne (42, 43) studied the drift in insects over the North 
Sea in 1936. They used collecting nets flown either from the masthead or 
from kites flown from the ship. 

. They also made collections of insects in the upper air, using specially 
controlled kites. J. A. Freeman continued the work employing similar 
kites with additional improvements. The apparatus comprised a pilot kite 
of a triangular section box pattern with wide wings, having a span of 
8 feet and a height of 8.5 feet. It was easily started in rather light winds, 
and flies very steadily at a good angle. A net resembling a marine tow-net 
was attached to the wire leading to the kite. The wire to the kite was con- 
trolled from the ground by a power winch attached to an automobile, and 
the kites having been launched could be veered out against the foot brake or 
hauled in by the engine working in reverse gear. When the closed net 
reached the desired altitude, it was automatically opened by a very simple, 
efficient, and light, chemically controlled mechanism, which worked by the 
action of nitric acid on copper wire. Later, Freeman constructed a clock- 
work mechanism for the control of opening and closing of the nets. 

SUMMARY ANU CONCLUSIONS 

It is evident from the foregoing review that students of different phases 
of aerobiology employ a wide variety of techniques. In each field there are 
a few methods which seem to be especially well adapted for a particular 
kind of work. Conversely, each type of apparatus has its characteristic 
advantages and limitations. 

For taking a census of bacteria and fungus spores that grow readily 
on culture media, the Wells’ air centrifuge is outstanding in that it permits 
colony counts without further plating and it combines in one operation 
the development of an air flow, the measurement of the air flow, and pre- 
cipitation of microscopic particles. The principal limitation of this method, 
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as pointed out by Phelps and by Wells, lies in the fact that extremely 
small '^droplet nuclei'’ may escape precipitation in comparatively large 
amounts. 

The adhesive-coated glass slide has proved most convenient and is most 
widely used for determining the presence of pollen grains and fungus 
spores, such as rust spores, which can be recognized by direct examination 
but cannot be grown on culture media. Economy and simplicity of 
preparation and examination are the principal points in favor of the glass 
slide method. If slides are exposed to gravitational sedimentation of pollen 
or spores in comparatively still air for 24 hours, the number of pollen grains 
or spores caught on a square centimeter of slide surface can be easily con- 
verted to an approximation of the number per cubic yard of air by making 
use of Cocke’s table. The chief limitation of this method appears to lie 
in the comparatively long exposure necessary to obtain satisfactory counts. 
Also, in the opinion of the writer, there is insufiGleient evidence for the tacit 
assumption that spore counts are not materially affected by currents of air 
immediately above the slide. 

The glass-slide method becomes applicable to problems involving a more 
scant population of spores or pollen by moving the slide rapidly through 
the air, or by passing air rapidly over the surface of the slide. The former 
method has been widely used by Stakman, Meier, Durham, and others in 
making collections from airplanes. No attempt has been made to interpret 
counts made in this way on a quantitative volumetric basis. 

Pouchet was the first to direct a current of air of known volume onto a 
limited area of a glass slide. Proctor and Parker have adapted this method 
to airplane collections, and find it quite satisfactory. The exposure of slides 
to a current of air caused by a small electric fan or blower, as proposed by 
Duke, would seem to offer a simple and inexpensive means of studying pollen 
or spores in concentrations smaller than would be noticed by the gravity 
method. All of these methods are essentially impinging methods, and their 
chief limitation lies in the difficulty of reliable calibration for the conversion 
of spore counts to quantitative approximations. They may be calibrated 
empirically by comparison with results from the filter methods, or cen- 
trifugal methods. 

The Wells pollen centrifuge retains the simplicity of glass-slide methods 
in an apparatus that combines impinging with centrifugal sedimentation. 
It is claimed that this device completely removes from the air pollen grains 
and spores over 10 q in diameter. 

The air filter of Erdtman and Pasteur ’s filter method as modified by 
Keitt and Jones are well adapted for determining quantitatively the pres- 
ence of spores and pollen that usually are detected by the glass-slide method. 
Erdtman ’s apparatus filters approximately 1 cu. m. of air per minute, 
whereas Keitt and Jones’ filtered 1 cu. ft. per minute. The limitations of 
these methods lie in the Necessity for dissolving the filters with a solvent 
that will not distort the spores or pollen grains, and the time consumed in 
preparing the filtered material for microscopic examination. 
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The air-washing methods employed by Eettger and by Zifferblatt and 
Seelaus eliminates the need for a filter solvent. On the other hand, these 
methods necessitate an examination of the filter liquid soon after passing 
air through it, whereas, solid filters may be stored after exposure until 
a convenient time for examination. 

The field survey method used extensively by phytopathologists offers in 
the case of cereal rusts a unique opportunity to obtain evidence of spor^ 
migration, in that entire fields of susceptible grasses or grains are analogous 
to the Petri dishes exposed by the bacteriologist. Purthermore, an ex- 
perienced observer oftentimes can determine the approximate dates of 
spore showers by the size and character of infection centers at the time 
of observation. 

The methods used for catching insects are, as a rule, simply means of 
directing air flow through wire screens or nets and of protecting the screens 
from contamination before and after exposure. When the rate of air flow 
through the screens is known, it is comparatively simple to calculate from 
the number of insects caught the approximate number of insects present 
per unit volume of air. 

Washington, D. C. 
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PUEPLE LEAP SPOT OP STEAWBEEEY 

A. G. Plakidas 
(Accepted for publication July 31, 1940) 

INTRODUCTION 

In the fall of 1927, while attempting to isolate Diplocarpon earliana 
(Ell. and Ev.) Wolf, a slow-growing fungus was repeatedly isolated from 
strawberry leaves showing symptoms apparently typical of leaf scorch. 
This fungns was cultured on a variety of media, but failed to produce spores 
of any kind. A limited number of inoculations were made on strawberry 
plants, using a mycelial suspension of the fungus, but no infection was 
secured. In the meantime, the scorch organism (U. earliana) was isolated 
and the other fungus was discarded and forgotten. Then, 10 years later (in 
November, 1937), while again trying to isolate the leaf -scorch organism by 
plating strawberry-leaf-tissue pieces from what were thought to be typical 
young scorch spots, the same slow-growing fungus was repeatedly obtained, 
even when the leaf pieces were very drastically surface-sterilized with alco- 
holic mercuric chloride. This suggested the possibility that the fungus 
might not be a saprophyte but it might actually be the cause of the scorch- 
like spotting. Interest in the fungus was further aroused by the fact that 
one of the isolates produced in culture a limited number of perithecia bear- 
ing mature aseospores characteristic of the genus Mycosphaerella. 

As a preliminary test to determine the pathogenicity of the fungus, 2 
strawberry plants (var. Klondike) were inoculated, using macerated myce- 
lium in water as inoculum. Infection was secured. The infected leaves 
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were examined periodically from the time that the spots appeared until they 
were killed, but no conidia of any sort were found. How'ever, when infected 
leaves that had begun to “scorch” were placed in a moist chamber, Myco- 
spliaerella perithecia and ascospores developed. 

It became apparent, therefore, from the preliminary work, (a) that the 
fungus so often isolated from leaves showing seoreh-like lesions was a Myco- 
sphaerella, and (b) that it was pathogenic and Avas, perhaps, the cause of a 
leaf spot with symptoms so similar to those of the scorch that it had been 
mistaken for it. Some interesting possibilities then presented themselves- 
(a) Was this fungus a strain of M. fragariae which had lost its ability to 
produce conidia in culture, or was it a new, undeseribed species? (b) Since 
the published proof of the connection between M. fragariae and its conidial 
stage {Bamularia iulasnei) was meagre and inconclusive, it was considered 
possible that what had been described as M. fragariae might, in reality, be 
this fungus. An investigation of the fungus was, therefore, undertaken to 
determine its relation to the new leaf spot and its possible connection with 
If. fragariae. The results of this study have shown conclusively that the 
fungus in question has no connection with Mycosphaerella fragariae (Tub) 
Lindau, but that it is a new, undescribed species of Mycosphaerella for 
which the name M. louisianae is proposed. 

DESCRIPTION OP THE DISEASE 

The macroscopic symptoms of the disease are, in general, very similar to 
those of the strawberry leaf scorch, and this may account for the fact that 
this disease has been previously overlooked. One might take Wolf’s (14) 
description of the symptoms of the leaf scorch and apply it to this disease, 
and it would fit well with one important exception; there are no “dark' 
glistening acervuli” on the surface of the spots in the case of this disease! 
Ihe spots are reddish purple when young, becoming brownish with age, but 
never develop grayish or white centers. Solitary spots vary in size from 
about 1 to 5 mm. m diameter (Pig. 1, A) ; but, when numerous, the spots 
coalesce, forming large, irregular, purple areas on the leaves (Pig. 1 B). 
In some instances, the large purple areas appear to be formed not by the 
enlarging and coalescing of separate spots, but rather by the simultaneous 
infection by large numbers of ascospores over a wide area. Sections through 
such purple areas, in their early stages of development, show a network of 
mycelium perrneating the tissue (Pig. 3, A) and many remnants of germ 
tubes between the stomata. The spots are somewhat angular, and the edge 
of each is more prominent on the upper than on the under surface of the 
a . Compared with leaf-scorch spots of approximately the same stage of 
eve opment, ut not necessarily of the same, age, because the scorch spots 
eve op more rapidly, the spots are, on the whole, somewhat smaller, more 
angular, and less sharp in outline (Pig. 1, C and D). As in the case of the 
ea score , scorching (drying up) of the affected leaves occurs if the 
spots are numerous and coalesced. Often the scorching may be limited to 


1941] 


Plakidas: Leaf Spot op Steawbeeey 



one leaflet, or part of a leaflet. Spots occur also on the petioles and fruit 
peduncles. The purple-spot disease often occurs on the same plant, even on 
the same leaf, with the common leaf spot (Bamularia tulasnei). No spores 
of any kind have been found on the lesions on living leaves. As soon as an 
affected leaf dies and begins to dry up, perithecia are produced in great 
abundance, mostly on the lower surface. The perithecia may occur in 
localized areas if the spots are few and scattered (Pig. 2, A), or may cover 
large irregular areas on the under surface of the leaf (Pig. 2, B) if the 
spots are numerous and coalescing. Viable perithecia have been found in 
all seasons of the year, but they have been especially abundant in late spring 
and early summer (April to June). It also is during this period of maxi- 
mum ascospre production that the disease is most prevalent. During this 
period the leaves often become peppered with hundreds of small purple 
spots, obviously the result of ascospore infection, whence the fungus can be 


as. A. Individual spots. B. Yery numerous spots, 
irple areas. 0 and D. Comparison between purple 
of approximately the same stage of development. 
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easily isolated. A second maximum outbreak of spotting occurs in the plant 
beds in the fall, when peritheeia are obsem'-ed in considerable abundance 
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Fig. 3. A. Section through a leaf with irregular purple areas but with no definite 
spots showing a network of mycelium in the tissue, x 230. B. Aseospores from perithecia 
collected May 26, 1938, discharged on agar. x230. 0. Group of aseospores greatly en- 
larged. X 1010. B. Germinating aseospores about 25 hours after discharge on bean agar. 
X370. E. Germinating ascospore 48 hours after discharge, x 125. F. Germinating 
aseospore 72 hours after discharge, x 125. G. Aseospores germinating on water agar and 
giving rise to secondary spores. x230. 
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ment of Baton Rouge and at Hammond, and on the wild strawberry (F 
grayana) in Washington Parish. 

The disease is of relatively small economic importance, especially as its 
greatest incidence is in late spring when the crop is harvested. * It has 
become clear, however, during the course of this study that the greater part 
of the leaf spotting we have been attributing to leaf scorch ( D. earliana) in 
Louisiana, must be attributed to this new disease. The leaf scorch does 
occur in Louisiana, but is not particularly common. Most of the scorch-like 
spotting IS caused by the new Mysosphaerella. The recognition that a sepa- 
rate disease is involved should not necessitate a change in our control mea- 
sures, for spraying with Bordeaux, which has been the general practice in 
Louisiana during the last several years, has proved effective against all the 
leaf-spotting diseases of the strawberry. 

THE FUNGUS 

Isolation from Lesions at Different Periods of the Year 
Strawberry leaves showing purple spots were collected periodically, and 
pieces of tissue containing young spots were plated. The following inethod 
which has been found satisfactory in this laboratory for the isolation of 
other slow-growing fungi, was chiefly used. The spotted leaves were washed 
with a brush under running tap water, and pieces of tissue containing youn- 
spots were cut by means of a No. 1 cork borer. Then the pieces were disim 
fected either in a 3.5 per cent solution of calcium hypochlorite for 4 minutes 
and plated on bean agar without washing, or in 1: 1000 HgCl, solution in 
50 per cent alcohol for 30 seconds, and plated on bean agar after rinsing in 
several changes of sterile water. Both disinfectants gave satisfactory re- 
su ts. The plates were incubated at room temperature for 4 to 5 days and 
then the tissue pieces showing no bacterial or fungous growth were trans- 
ferred separately to autoclaved bean pods in tubes. The tubes were exam- 
ined in about 10 days to determine what growth, if any, occurred on the leaf 

Jpj.0C6S* 

Aurn^ “ November, 1937; in March, 

April My, Jye, August, September, and November, 1938; and in Janu- 

L No effort was made to isolate’ the fungus lA 

read^ Lat^rV" Apparently, the fungus can be most 

and again in late fall. During these 
p^ lods, peritheeia are especiaUy abundant on the dead leaves, and purple 
spots are very numerous on the living leaves. P P 

Collection of Peritheeia at Different Periods 
witta-n +/ ^ ^ow the fungus is perpetuated. It was thouo-ht 

produced oBly during the ™ter and early epting, as is usually the case 
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with this group of fungi. A diligent search, therefore, was made for both 
conidia and ascospores. Conidia were never found either on naturally- 
infected plants in the field nor on inoculated plants, but viable ascospores 
were found at all seasons of the year. Viable peritheeia on dead leaves 
were collected in J anuary, February, March, May, June, August, September, 
October, and November, 1938. Peritheeia also were found in abundance 
whenever looked for in 1939, but were relatively scarce in the winter of 
1940. The viability of the ascospores was easily tested. The perithecia- 
bearing dried leaves w^ere soaked in water about 5 minutes, washed with a 
brush in running tap water, and pressed between filter paper for a few 
minutes to absorb the excess moisture. Perithecia-bearing areas of the 
leaves were then cut and placed on moist filter paper in Petri-dish covers, 
and either suspended over agar or, by inverting the dish, the agar was on 
top to catch the ascospores as they were discharged upward. From living 
peritheeia, ascospores were discharged in great profusion (Fig. 3, B) and 
almost 100 per cent germination occurred (Fig. 3, D) w'henever ascospoi’es 
were discharged. 

The peritheeia apparently die in a relatively short time on drying. 
Three lots of peritheeia-bearing leaves were collected on May 16, 17, and 26, 
1938. Samples of these were tested on the dates of collection, and asco- 
spores were discharged in large numbers. The leaves were left in paper 
bags in the laboratory until June 28, 1938, when samples were taken and 
tested again. No ascospores were discharged. The leaves were then placed 
outdoors in a wire basket, and samples were taken and tested periodically 
until October, but the peritheeia did not become active again. 

Peritheeia are produced just as soon as the infected leaf dies. Instances 
have been noted frequently in which one leaflet of a compound leaf, or even 
a portion of the same leaflet, w^ould be killed, and peritheeia would form on 
the dead portion, while the rest of the leaf would still be green. The time 
elapsing between infection and the production of peritheeia was determined 
during the course of a number of inoculation experiments. In one test, six 
Klondike plants were inoculated with ascospores on September 29, 1938. 
First evidence of infection (pin-point spots) appeared 10 days later. By 
October 18 most of the inoculated leaves were covered with hundreds of 
coalescing purple spots, and '‘scorching^’ of portions of the leaves had 
started. Mature peritheeia had developed on the dead portions of the leaves 
by Novembers, i.e., in 37 days after inoculation. 

GROWTH OF THE FUNGUS IN CULTURE 

The fungus was cultured on the following media: Bean-pod, Czapek^s, 
and corn-meal agars, autoclaved bean pods, potato plugs, strawberry leaves, 
whole wheat, corn meal, and pea broth. It grew readily but slowly on all 
the inedia tried. The least growth was made on Czapek’s agar, and the 
maximum on eoru-meal agar; but, even on the latter medium, the colonies 
never attained any great size, the average diameter of three-week-old 


232 


Phytopathology 


[VoL. 31 


colonies on corn-meal agar being less than 15 mm. On corn meal and corn- 
meal agar, the growth was mostly flat, Avith a pinkish-Avhite, felty surface 
and a pink to reddish back, the pigment diffusing into the substratum. On 
Czapek’s agar, the colonies were small, raised, gray to nearly black, sclero- 
tial, and more or less tough to rubbery in texture. On bean-pod 4ar the 
growth was raised, with a pinkish-white, felty surface that turned gray Avith 
age, and brown to dark-bro-wn on reverse side. Peritheeia with mature 
aseospores were often produced in culture, mostly on bean-pod agar; but a 
few were found also on autoclaved bean pods, strawberry leaves, and whole 
wheat, though none on corn meal or corn-meal agar. Only a Very small 
number of the peritheeia produced mature asci, and only a fcAv of the asei 
in a perithecium produced mature aseospores. The production of asco- 
spores in culture was A^ery erratic. Sometimes they were produced very 
readily in about 10 days, and then again the same isolate Avould not sporu- 
late for a long time. Some isolates sporulated more readily than others. 
The fungus is apparently homothallic, for many of the monoascospore iso- 
lates produced mature aseospores in culture. In addition to the peritheeia 
small groups of black selerotial masses often occurred in cultures, especially 
on bean pods. These masses were found to be composed of 2 types of 
selerotial growth, (a) small, spherical bodies, with or without cavities 
Avhich were probably immature peritheeia, and (b) black selerotial bodies 
of irregular shape, which were assumed to be true selerotia. 

No attempt was made to determine accurately the temperature range of 
the fungus. Only 3 temperatures were tried, namely, 21° C., 25° C °and 
28° C. Best growth was obtained at 25° C. The size of colonies at 21° C 

and 28° C. was approximately the same. 

^ The germination of aseospores (Fig. 8, E-G) is very characteristic. 
Germination starts from the smaller cell first, and a second germ tube is 
produced from the other cell about 8 hours later. The germ tubes then 
begin to branch, the branches growing in opposite directions (Pig. 3 E) 
and, since growth is slow, the microscopic colony retains a double-fan or 
hour-glass shape (Pig. 3, P) for a relatively long time (3 to 4 days). The 
young colony becomes visible to the naked eye in about 5 to 6 days^ by which 
time it has assumed a rounded form. j = j 

o A ^^™^^tion was observed on water agar (Pig 

3 in J tubes (2 to 

fike tbP °,1 secondary spores, shaped 

like the aseospores but smaller and unicellular. Occasionally, still smaller 

tertiary spores were produced from the secondary ones. Soi of the germ 
tubes grew to a considerable length before forming secondary spores One 
may speculate on the identity of these secondary spores. Should they be 
considered as secondary aseospores or as conidia? 

pathogenicity 

over^™i^rfff^q*^ of the fungim was proved by repeated inoculations 
period of 19 months, from December, 1937, to June, 1939. Plants 
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of the Klondike variety were used. These were potted from young runners 
and kept in an isolated place away from strawberry fields to prevent acci- 
dental infection, and used when needed. In all, 72 plants were inoculated. 
Two methods of inoculation were used. 

1. Pure Culture Inoculum 

Plants were inoculated with pure cultures of the fungus using a water 
suspension of macerated mycelium from bean agar or bean pods for the 
inoculum. This material was either sprayed on the leaves by means of a 
hand sprayer, or smeared on the leaf surfaces by means of a brush. The 
inoculum occasionally contained a small number of aseospores, if the culture 
used happened to be sporulating. Both monosporous isolates and isolates 
obtained from plating leaf lesions were used. In all, 42 plants were inocu- 
lated by this method. 

2. Aseospores from Perithecia on Leaves 

Plants were inoculated with aseospores obtained from perithecia on 
leaves in different ways, (a) Perithecia-bearing leaves were placed among 
the leaves of the plant to be inoculated, or suspended over them in a moist 
chamber, (b) Ascospore suspensions in water were obtained by suspend- 
ing portions of perithecia-bearing leaves on moist filter paper inside the 
covers of Petri dishes and catching the discharged aseospores in water in 
the dishes. The ascospore suspension then was either sprayed or brushed 
on the leaves to be inoculated, (c) The same method as in (b), but the 
aseospores were caught on agar instead of in water. As soon as the spores 
began to germinate, bits of the agar containing aseospores were placed on 
marked areas on the upper or lower surface of the leaves, (d) Small por- 
tions of perithecia-bearing leaves were stuck on moist filter paper in small 
cells (van Tiegham cells or small bottle tops were used) and these were 
placed over marked areas on the upper or lower surfaces of the leaves, so 
that the aseospores would discharge directly on the desired leaf surface. 
The last two methods were applied mainly to determine whether infection 
takes place through the upper or the lower leaf surface, and also to deter- 
mine the mode of ingress, i.e., whether the fungus enters through the sto- 
mata or by penetration of the epidermis. In all, 30 plants were inoculated 
with aseospores. 

In all experiments the inoculated and control plants were left in moist 
chambers for periods varying from 36 to 48 hours and then placed outdoors. 

Eesults 

In 8 out of the 72 experimental plants, inoculation was limited to the 
upper leaf surfaces. These 8 plants, as well as the many noninoculated 
controls, did not become infected. Of the remaining 64 plants which 
either were purposely inoculated on the lower leaf surfaces only or were 
moculated by means of a hand sprayer, so that the inoculum reached both 
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leaf surfaces, 63 became infected. Thus, the incidence of infection was 
very high. Typical symptoms, corresponding to those occurring in the 
field, were obtained consistently from the aseospore inoculations (Pig. 1, C) 
When a mycelial suspension was used as inoculum, symptoms that were not 
very typical were occasionally obtained. Sometimes the inoculated leaves 
assumed a brownish or russeted appearance, with few definite spots. Other 
times some of the spots would be surrounded with a chlorotic halo, or irreg- 
ular areas on the leaf would become chlorotic before “scorching.” Irre- 
spective of the kind of inoculum and the symptom picture resulting from 
the inoculation, perithecia were, however, invariably produced on the^’inocu- 
lated leaves as soon as the tissues were killed. The latent period of infec- 
tion (time elapsing between inoculation and appearance of external symp- 
toms) varied considerably in different seasons of the year. In general, the 
first signs of infection (pin-point spots) appeared in 10 to 14 days and 
definite spots in 19 to 21 days after inoculation. In the case of two separate 
inoculations made December 14 and January 11, respectively, the latent 
period of infection was very long, initial symptoms appearing in 24 days 
and definite symptoms in 37 days. Warm and moist conditions appear to 
favor infection and the expession of symptoms. The most severe infection 
was secured in a series of inoculations made in May, 1939. Initial sio-ns of 
infection appeared in 10 days and good symptoms in 17 to 19 davs'" The 
weather was warm and very humid during this period. 

MODE OP INGRESS 

As stated m the preceding section, no infection was obtained when the 
inoculum was hmited to the upper surface of the leaf. While it was appar- 
ent that infection occurred on the under surface of the leaf, it still remained 
to be determined whether the germ tubes entered through the stomata or by 
penetration of the epidermis. To determine this point, pieces of perithecia- 
bearing leaves were suspended on wet filter paper in small containL (bottle 
caps) and there were placed on marked areas on the dorsal side of leaves 
of plants m moist chambers and left there for 24 hours to discharge asco- 
spores.^ The plants were then kept in moist chambers for 48 hours and then 
i^ediately taken outdoors. Pieces of the leaf areas exposed to aseospore 

inoLSon^ff^ 24-hour intervals, beginning 48 hours after 

inoculation, fixed, imbedded in paraffin, sectioned, and stained. 

Results 

A (8). mgresA w.a found to be 

s omatal (Pig. 4, A-P). Sections from several different lots of material 
were examined, but entrance by penetration of rt. ^ots or material 
observofi penetration of the epidermis was never 

Observed. Ingress is apparently slow. On material fixed 48 to 67 hours 

tA ™^^tion, germinating ascospores with many germ tubes curving 
toward fto stomata (Pig. 4, A, B) were found, but no actud 

e . " filed 97 hours after inoculation, many germ tabes were 
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found in the stomatal openings, but the tubes -were still short, extending, for 
the most part, to the substomatal cavities only (Fig. 4, C) although some 
had begun to branch between the spongy parenchyma cells (Fig. 4, D, E). 
On material fixed 120 hours after inoculation, the mycelium had reached the 
palisade cells (Fig. 4, F) and there was branching considerably. 


DESCRIPTION 

Perithecia are produced in abundance on the dead leaves in all seasons 
of the year, but are especially numerous in late spring (April to June). 
They occur grouped in black masses, easily visible to the naked eye (Fig. 
2), mostly on the dorsal side of the leaves (over 90 per cent of the perithecia 
are hypophyllous) . The number and size of the peritheeial masses depend 


Fig. 4. Mode of ingress. A. Grerminating ascospore, the germ tube curving toward 
stoma, 48 hours after inoculation. B. Surface section of leaf showing two germ tubes 
entering the same stoma, 67 hours after inoculation. 0. Germinating ascospore, the germ 
tube of which has reached the substomatal cavity. D and E. Germ tubes have entered 
and are beginning to branch between the spongy parenchyma cells, 97 hours after inocu- 
lation. F. The germ tube has branched and has extended to the palisade cells, 120 hours 
after inoculation. All x 425, 
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on the number, size, and degree of coalescing of the original leaf lesions 
If only a few spots occur on the leaf, only few groups of peritheeia will be 
found on the dead leaf (Pig. 2, A), but if the spots are numerous and 
coalescing, large areas on the dead leaf will be covered with groups of peri 
thecia (Pig. 2, B). The peritheeia are produced subepidermally but be 
come erumpent at maturity (Pig. 2, C). They are black, leathery uni- 
almost spherical, the short tapering ostioles making ’them 
slightly taller than they are wide. They vary considerably in size. Based 
on the measurement of 72 peritheeia they varied from 34 0-75 0 x 34 0 
75.0 p, averaging 56.9 x 59.8 p. The asei are fasciculate, short stipitate" 
yahne, 8-spored, cylindric to clavate, those in the center of the fascicle 
straight, the marginal ones curved, 27.2-39.1 x 5.9-7.3 p, averaging 32 7 x 
Paraphyses are present. The aseospores (Pigs. 3 B-G 
and 2, C) are imperfectly biseriate in the ascus, hyaline, ellipsoid, with blunt 
ends, 2-eelled, the lower cell narrower than the upper, slightly constricted 
at the septum, 6.8-10.2 x 2.4r-BA p, averaging 8.9 x 3.1 p in size, and contain 
many refractive granules. 

A conidial stage has not been found either in culture or on the host A 
digent search for conidia was made by examining the lesions, both those 
eeurring as the result of natural infection and those produced by inocula- 
mn, but none was found. Spotted leaves were often placed inToLt 
chambers and examined periodically for conidia, but none developed. On 
the other hand, peritheeia were invariably produced on the infecti leaves 
both on those placed in moist chamber and those attached to the plant soon 

vfar a Peritheeia are produced in all seasons of the 

year, a jnidial stage IS not necessary for the perpetuation of the fungus 
Species of Septona (probably 8. aciculosa Ell. and Everh.) and Cerco 

ITeVlT fron. leaf lelt 

plated, and the possibility that one of these might be the conidial stao-e of 

.n'or?"! considered. Both the Septoria and the Veroo- 

nof ’ produced conidia freely in culture, and their colonies did 

not resemble m the least those of the Mycosphaerella. FnrtCZre tee 
lesmns produced by the Cercospora differ from those of the purSaf snot 

No special attempt was made to determine if spermogonia are produced 
examining sections of material with peritheeia, some fruiting hoodies with 

T-n n X. T.*T^ Longyear (7) as spermogonia of M fraoormp 

TECHNICAL DESCRIPTION 

louisianae, n sp 
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age 56.9 x 59.8 pi) ; asci cylindrical to clavate, borne on short stalks, fasciculate, marginal 
ones curved, central ones straight, aparaphysate, 8-spore, 5.9-7.3 x 27.3-39.0 pi (average 
6.4 X 32.7 pi) j ascospores imperfectly biseriate in the ascus, hyaline, two-celled, the lower 
cell somewhat narrower, slightly constricted at the septum, obtuse, 6.8-10.2 x 2.4-3.4 pi 
(average 8.9 x 3.1 pi). Parasitic on leaves of Fragaria spp. (cultivated varieties) causing 
purple spots. The peritliecia are produced in all seasons of the year soon after the in- 
fected leaves die. 

A conidial stage is unknown. 

Mycosphaerella louisianae, sp. nov. 

Peritheciis niimerosissimis, glomeratis, amphigenosis sed plerumque hypophyllosis, in 
hospitis textu ex parte insitis, erumpentibus, nigris, globosis, ostiolatis, 34.0-75.0x34.0- 
75.0 pi (mediis inter maxima minimaque 56.9 x 59.8 pi) ; ascis cylindratis vel subclavatis, e 
stirpibus brevibus prolatis, fasciculatis, exterioribus curvatis sed centralibus directis, 
aparaphysatis, octosporis, 5.9-7.3 x 27.2-39.0 pi (mediis inter m. mque 6.4 x 32.7 pi) ; sporis 
in ascis imperfecte biseriatis, hyalinis, cellas duas habentibus quarum superiore aliquan- 
tum maiore, ad septum leviter contractis, obtusis, 6.8-10.2 x 2.4-3.4 pi (mediis inter m. 
mque 8.9 x 3.1 pi). Parasitica in foliis Fragariae spp. (Varietatum cultarum) maculas 
purpureas efficiens. 

Gradus conidifer incognitus est. 

Perithecia omnibus anni temporibus pariimtur brevi spatio postquain folia infecta 
mortua sunt. 

Type locality: Hammond, Louisiana, IT. S. A. 

Type specimens deposited in tlie herbarium of the Department of 
Botany, Louisiana State University, and also in the Mycologieal Collections, 
Bureau of Plant Industry, Washington, D. C. 

IDENTITY 

It is evident from the description of the fungus that it is a typical Myco- 
sphaerella and cannot be confused with any of the other described leaf- 
spotting fungi of strawberry except M, fragariae. The possibility that it 
might be a nonconidial strain of M. fragariae has been considered. Cases 
of this kind have been demonstrated for other fungi. For example, Edger- 
ton (3, 4), and Shear and Wood (12) have isolated strains of Glomerella 
spp. that produced only ascospores in culture. There is, however, strong 
evidence against the view that this fungus is an ascigeral strain of M. 
fragariae. First, the perithecia, asci, and ascospores of the new fungus are 
decidedly smaller than those of M. fragariae (Fig. 2, C, D). Scribner (11) 
gives the size of perithecia of M. fragariae as 90-130 ja with the asci about 
50 X 10 p ; Klebahn (6) as about 90 p ; Schellenberg (10) as 100-150 p ; Dug- 
gar (2) states that the asci average 40 [x long and the ascospores about 15 x 
3-4 p. Flynn (5) gives the size of perithecia as 100-180 p ; the asci as 30- 
40 X 10-15 |j, and the ascospores as 12-15 x 3-4 jj. The writer examined 
herbarium specimens of M. fragariae collected by J. B. Demaree at Belts- 
ville, Maryland, in 1936, and obtained the following measurements : Peri- 
thecia 82-115 X 88-136, average 99.3 x 113,0 p ; asci 30-45 x 10-15 p ; asco- 
spores 12.6-15.3 X 3-4 }j, average 13.5 x 3.4 jj. Although there is consider- 
able variation in the measurements of these workers, it is evident that the 
perithecia, asci, and ascospores of M. fragariae are markedly larger than 
those of the new fungus. Secondly, the positions of the perithecia of the 
two fungi differ. The perithecia of M. fragariae are predominantly epi- 
phyllous (about 73 per cent were found on the upper leaf surface) ; those 
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of M. louisianae are chiefly (over 90 per cent) hypophyllous. Thirdly, the 
symptoms on the host are different. The spots produced by M. louisianae 
are purplish and never develop the grayish-white centers characteristic of 
the M. fragariae lesions. Fourthly, none of the large number of isolates 
obtained either from single ascospores or from leaf lesions ever produced 
eonidia. In all, 272 single-aseospore isolations were made from different 
lots of material and at different periods. These isolates were kept in cul- 
ture over 2 years and examined periodically, but none produced eonidia. 
It would be difficult to imagine such stability if it were assumed that this 
fungus is merely a nonconidial strain of M. fragariae. 

There was another possibility that had to be considered, i.e., that the 
fungus originally described as MycospMerella fragariae might be identical 
with the one described in this article as M. louisianae. If this happened to 
be true, the perfect stage of Eaniularia tidasnei would still be unknown or 
at least, not described. No reliable cultural proof of the connection between 
Bamularia tulasnei and Mycosphaerella fragariae was found in the litera- 
ture. Klebahn (6) states (p. 119): “Since Tulasne, the connection be- 
tween M. fragariae and Gylindrosporium, which Saccardo later named 
Bamularia tulasnei, has often been discussed in literature. The assumption 
of the connection has been based entirely on Tulasne ’s finding of the two 
stages together. Up to now no one has, as far as I know, given proof of 
this connection. ^ Klebahn appai’ently overlooked Dudley’s work. Dud- 
ley (1) suspended an entire aseus of M. fragariae in a hanging drop, and 
claimed that the ascospores germinated within the ascus, and gave rise to 
eonidia of Bamularia tulasnei on the sui’face of the drop. Dudley’s proof 
cannot be considered conclusive, since he used an entire aseus rather than 
single ascospores. Schellenberg (10) obtained infection, which resulted in 
typical leaf-spot lesions, by placing bits of overwintered leaf tissue bearing 
Mycosphaerella peritheeia on the lower surfaces of strawberry leaves. He 
offers this as evidence of the connection between M. fragariae and B. tulasnei. 
This, at best, can be accepted only as circumstantial evidence, since it is 
known (11, 13) that eonidia are produced on overwintered leaves from 
sclerotial mycelium and even from the walls of the peritheeia. Wollen- 
weber (15) accepted the connection between B. tulasnei and M. fragariae 
mthout experimental proof. Klebahn (6) attempted to get cultural proof, 
but was unsuccessful because few or no peritheeia were produced on his 
experimental material. He states : “I have repeatedly overwintered leaves 
with Ramularia. Usually, only sclerotia were formed after overwintering. 
Several years ago I obtained one perithecium, and recently found two or 
three in material imbedded in paraffin and sectioned.” He believed that 

M coimeetion between JB. tulasnei and 

berr^ ” l“28 whieh entitled “Mycosphaerella leaf spot of straw- 

tore and classification of the causative f^r tLSv 
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tlie few perithecia found were stages of B. iulasnei, chiefly because they 
were similar to the perithecia of M. hieraci% which he had proved culturally 
to be connected with a similar conidial stage. 

CULTURAL PROOF OF THE CONNECTION BETWEEN MYCOSPHAERELLA PRAGARIAE 

AND RAMULARIA TULASNEI 

Since no reliable proof of the connection between B. tulasnei and . fra- 
gariae could be found in the literature, it was decided to attempt to obtain 
such proof experimentally. Letters were written to a large number of 
plant pathologists in different states asking for over-wintered strawberry 
leaves which were known to have been affected with leaf spot the previous 
summer. The response was good. Specimens were received from Idaho, 
Montana, Minnesota, Wisconsin, Illinois, Michigan, Massachusetts, Pennsyl- 
vania, New York, and Maryland. 

Kesults 

The experience of the writer was, for the most part, similar to that of 
Klebahn. With one exception, all the specimens received contained mostly 
the winter sclerotial stage, although some had immature perithecia. No asco- 
spores were discharged. The one exception was the material received from 
Michigan. This specimen consisted of over-wintered leaves of wild straw- 
berry (Fragaria virginiana) , collected by J. B. Eoutien near East Lansing, 
Michigan, on April 23, 1939. This material contained, in addition to the 
winter sclerotial satge, which was present in great abundance, a few mature 
perithecia. Of 18 plates prepared in the manner already described, using 
all the leaf material, ascospores were discharged in only two. In all, prob- 
ably not more than 100 ascospores were discharged, and these fell, for the 
most part, close together, making isolation difficult. Five single-ascospore 
isolates were obtained. Several additional isolations were made in which 
the agar disc contained from 2 to 6 ascospores. All the isolations, regard- 
less of whether they originated from single or multiple ascospores, gave rise 
to typical Bamularia tulasnei cultures and produced conidia in abundance. 
These cultures were morphologically indistinguishable from cultures of B. 
tulasnei from Louisiana obtained either from single conidia or from plating 
spotted leaf tissue. Thus, cultural proof of the connection between M. 
fragariae and E. tulasnei was obtained. 

The scarcity, or lack, of mature perithecia, and the great abundance of 
the sclerotial stage on the overwintered leaves from widely scattered areas 
would indicate that the ascigeral stage of E. tulasnei plays a very minor 
role in the life history of the fungus, and is not essential to its overwinter- 
ing, even in northern latitudes. 

^ SUMMARY '■ 

A leaf spot of strawberry, with symptoms very similar to those of the 
leaf scorch, is described. The name ‘‘purple leaf spot’^ is proposed for it. 
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Tlie causative organism of this hitherto undeseribed disease was found 
to be an apparently undeseribed species of Mycosphaerella. Evidence is 
presented showing that this fungus is distinct from M. fragariae. The 
fungus is described as a new species under the name M. loiiisianae. A 
eonidial stage of the new fungus has not been found, either on the host or 
in culture. The fungus produces peritheeia with mature aseospores in both 
winter and summer, and has produced a limited number of mature peri- 
thecia in culture. The new fungus was isolated from dead strawberry 
leaves sent in from Mississippi and North Carolina, so it is knonm to occur 
in at least two other States besides Louisiana. 

Cultural proof of the connection between Bmmilaria ttilasnei Saee. and 
Mycosphaerella fragariae (Tub) Lindau is also presented. 

Louisiana State University, 

University, La. 
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LEAF--SPOT DISEASES OP POPLAES CAUSED BY SEPTOEIA 
MUSIVA AND S. POPULICOLA" 

G.E. Thompsons 
(Accepted for publication September 10, 1940) 

At least 9 species of the genus Septoria are reported associated with 
lesions on leaves of various species of poplar throughout the world. In 
certain regions of North America 2 of these, Septoria musiva Pk. and 8. 
popiilicola Pk., are of common occurrence. In this paper the writer de- 
scribes the perfect stages and certain other features of the life histories of 
these two fungi. The name Mycosphaerella populoritm, nov., is pro- 
posed for the perfect stage of Septoria musiva and Mycosphaerella populi- 
cola, sp. nov., as the name for 8 . populicola. In a recent paper Bier (1) has 
described a canker and leaf disease of poplars caused by Septoria musiva. 
As far as the writer has been able to determine, this paper is the only one 
in which information on the life history of this organism has been reported. 
None has been found relating to the life history of S. populicola. 

MATERIALS AND METHODS 

The species and varieties of poplars used experimentally were obtained 
from the Highland Park Arboretum, Eochester, New York; the Boyce 
Thompson Institute Arboretum, Yonkers, New York, and from the vicinity 
of Ithaca, New York. Inoculation experiments were performed on the 
following: Popuhis acuminata Eydb., P. alba L., P. angulata Ait., P. bal- 
samifera L., P. berolinensis Dipp., P. canadensis var. eugenei Schelle, P. 
canadensis var. serotina Eehd., P. candicans Ait., P. caudina Tenore, P. char- 
hoviensis Schr., P. epirotica Dode, P. generosa Henry, P. incrassata Dode, 
P. Jean jit aUana Dode, P. maximoiviczii Henry, P. nigra var. gig ant ea, P. 
nigra var. italica DuEoi, P. nigra var. plantierensis Schn., P. nigra var. 
thevestina Bean, P. petrowsltyana Schn., P. robusta Schn., P. roegneriana, 
P. simonii var. fastigiata Schn., P. szechuanica Schn., P. tacamaliaca Mill., 
P . tremuloides Michx. and P. trichocarpa Torr. and Gray. The cuttings 
obtained from these species were rooted in a mixture of loam and sand in 
6-inch pots and kept in the greenhouse. 

Inoculation experiments were conducted in the greenhouse. Conidia 
taken from freshly sporulating cultures were transferred to sterile distilled 
water in an atomizer. The suspension was sprayed on both surfaces of the 

1 This paper constitutes a revised portion of a thesis presented to the Faculty of the 
Graduate School of Cornell University in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

2 The writer wishes to express his appreciation of the helpful criticism and suggestions 
of D. S. Welch under whose direction the work was done. He is indebted to H. M. Fitz- 
patrick for his aid in connection with, the myeological aspects of the problem. Thanks 
are due also to H. 8. Jackson, University of Toronto, D. H. Linder and G D Darker 
Harvard UniTOrsity, H D House, Albany, N. Y., B. 8. Horsey, Eoehester, N. Y. and 
J. n. Beale, Yonkers, N. Y., for their kindness in sending specimens to the author All 
photographs were taken by W. E. Fisher, Department of Plant Pathology, Cornell Uni- 
versity. 
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leaves. After inoculation the plants were placed in a moist chamber for 
48 hours. They were then transferred to greenhouse benches. 

For histological studies, small pieces of the desired leaf material were 
fixed in Flemming's weaker solution and embedded in paraffin. Microtome 
sections 5-7 p thick were stained with Flemming 's triple combination. Fresh 
material was studied from free-hand sections mounted in lactophenol cotton- 
blue combination. 

Part I. Leaf Spot Caused by Mygosphaerella populorum, sp. nov. 

The material used in the study of this leaf spot w^as collected in the 
vicinity of Ithaca. In this region the disease is common and occasionally 
destructive to the foliage of certain species of poplars. 

suscepts 

Inoculation experiments conducted by the writer demonstrated that the 
following members of the genus Poimlus are susceptible to this disease: P. 
acuminata^ P. angulata, P. haUamifera, P. herolhiensis^ P. canadensis var. 
eugenei^ P. canadensis var. seroima, P. candicans, P. caiidina, P. cJiarkovi- 
ensisy P. generosa, P. incrassata, P. kanjUaMana, P. maximowiczn, P. nigf^a 
var. gigantea^ P. nigra var, plantierensis, P. ‘nigra var. thevestina, P. ge- 
trowskyana, P. rolusta^ P. roegneriana^ P. simonii, P. simonii var. fastigiata^ 
P. szechuanica, P. tacamahaca, P. iremnloides, and P. trichocarpa. Two 
species, P. alba and P. epirotica remained free from any infection. 

In literature other species reported as suscepts are : Popidiis angustifolia 
James, P. deltoides Marsh, P. fremontii Watson, P. grandidentata Michx., 
P. occidenialis (Rydb.) Britton, P. rasiimowskyana Schn., P. sargentii Dode, 
and P. monilifera Ait. Since the nomenclature of the genus Poptilus is 
rather confusing, it is quite possible that certain of the names appearing 
above are synonyms. 

THE DISEASE 

Range 

This leaf disease of poplars is known only in North America. It was 
described first by Peck (11) from specimens of Populus monilifera collected 
at Albany, New York. It has been reported since from Arkansas, California, 
Idaho, Missouri, Montana, New Jersey, Ohio, Texas, Vermont, and Wisconsin 
and has been observed by the writer in Georgia. In Canada, it is known 
to occur in the Provinces of Alberta, Manitoba, Ontario, Quebec, and 
Saskatchewan. As the fungus is capable of attacking many different species 
of Populus, it probably is present in other regions of North America. 

Symptoms 

The spots on the leaves of some species are small and numerous ; on others 
they are large and relatively few. In general, they are circular, irregular, 
or angular, 1-15 mm. in diameter, reddish-brown to dark-brown, with nar- 
row, yellowish borders (Fig. 1, B, C, D). The centers are frequently arid 
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or whitish. In some collections of infected leaves, the spots were distinctly 
zonate. The under surface of the lesions is usually lighter in color. Numer- 
ous infections resulted in yellowing throughout the leaf and premature 
defoliation. 

Twig lesions or cankers were observed only on one shoot of Popuhts 
szechuanica (Fig. 1, E). Bier (1) has described this phase of the disease. 
He found that wound inoculations resulted in the formation of cankers on 
P. herolinensiSf P. petrowskyana, P. rasumowskyana, and certain native 
hybrids. 

Etiology 

Perithecial Stage, Leaves of Popttlus ialsamifera/heeiYmg the conidial 
stage of Septoria musiva^ were collected in the fall and wintered in wire 
baskets placed out-of-doors. Perithecia with the characters of the genus 
Mycospkaerella Johans, were found in these leaves in the spring. Three 
species of this genus on poplars are described from American s|)ecimens and 
the types of these were examined for comparison. 

Mycosphaerella orhiciclaris (Pk.) House (7, 10) was described from 
wintered leaves of Popitkis grandidentata Michx. collected at Center, New 
York. Ascospores found in this material measured 11-14 x 2-3 p. Myco- 
sphaerella poptdif olia (Cke.) House (3, 7) was described from wintered 
leaves of P. angidata collected at Aiken, South Carolina. This species has 
groups of perithecia in erumpent, black stromata 0.25-1 mm. in diameter 
scattered over the under surface of the leaves. Free-hand sections of the 
stromata revealed locules with asci embedded in thick, hyaline pseudoparen- 
chymatous tissue with dark, outer borders. Paraphysoids were interspersed 
between the asci. No mature ascospores were found in any of the material 
examined. The presence of a large amount of stromatie tissue around the 
locules and paraphysoids does not correspond to the genus Mycosphaerella^ 
but indicates a closer relationship to the Dothideales. Mycosphaerella 
populnea (Saec.) House (7, 14) was described from leaves of P. balsamifera 
(P. tacamahaca) collected at Tupper Lake, New York, August 22, 1913. 
Neither perithecia nor ascospores were found in the type specimens exam- 
ined. Conidia typical of Septoria populicola were present in pyenidia in the 
leaf lesions. 

The species of Mycosphaerella on poplars outside of North America are 
described with aseospore sizes that do not correspond to those of the fungus 
observed by the writer to be the perfect stage of Septoria musiva. Further- 
more, since the conidial stage is known only in North America, the likelihood 
of the perfect stage having been described from outside regions is very 
remote. 

Since there does not appear to be any species of the genus Mycosphaerella 
reported on poplars similar to the fungus under investigation, it is described 
as new and the following name is proposed : 
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Fig. 2. A-0, MyoospMerella popuUeola. A. Median section of a perithecium. x430. 
B. Median section of a pycnidimn. x 580. C. Median section of a spermogonium. x 600. 
B-F. M. populorum* i), yiedim section of a perithecinm. x430. E. Median section 
of a pycnidinm. x 640. F. Median section of a spermogonium. x430. G. Culture of 
M. populieola, Kat. size. 
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Fig. 3. A-E. Myeosphaerella populorum. A. Asci and aseospores. B. Aseospores. 
0. AscospOTes germinated on potato-dextrose agar. D. Typical conidia. E. Atypical 
conidia. F-H. M. populicola. F. Aseospores. Gt. Aseospores germinated on potato- 
dextrose agar. H. Oomdia. Drawings made with the aid of a camera lueida. x 900. 


Myeosphaerella populorum, sp. HOY. 

Syn. Septoria muswa Pk. Ann. Eept. N. Y. State Bot. 35 : 138. 1884. 
Gylindrosporium oculatumE. and B. Jour. Myc. 5: 155. 1889. 


aggregatis, semi-immersis, nigris, globosis, 
ostiolis papillato, 64-106 X 64-96 (I ; aseis, fascieulatis, eylindraceis-elavatis, brevisme stipi- 
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tatis 54-70 X 13-16 a, octosporis, aparapliysatis j sporidiis, irregulariter distieliis, navi- 
eiilatis reetis vel curvatiSj uniseptatis, leiiiter eoiistrictis, eellulis plerumque aequalibas, 
liyalinis, 16-28 x 4.5-6 ii. Hab. in foliis dejeetis vere FopuU lalsamiferae L. 

^ Peritliecia, ampMgenous, scattered or aggregated, partially erumpeiit, black, globose, 
wall composed of 3-4 layers of dark, pseudoparenchymatous cells, ostiola^ papillate, 
64-106 X 64-96 qi ; asei, faseicnlate, eylindrical-clavate, short stipitate, 54-70 x 13 lb p., 
8-spored, aparapliysate ; ascospores, irregularly biseriate, naviculate, straight or slightly 
curved, one-septate, slightly constricted at the septa, cells about equal in size, hyaline, 
16-28x4.5-6 p (Fig. 2, D,Land Fig. 3, A, B, G). Hab. in fallen leaves of Fopiilus lal- 
samifera L. in the spring. 


Type Locality, Itliaea, New York. 

Type Specimens. Author’s collection No. 1325, part of which has been 
deposited in the following herbaria; Department of Plant Pathology, Cor- 
nell University, Ithaca, New York ; Farlow Herbarium, Harvard University, 
Cambridge, Massachusetts; Department of Botany, University of Toronto, 
Toronto, Canada. 

Pycnidial Stage. The characters of this stage of the pathogen are similar 
to those of Septoria musiva Pk. (11). Davis (5) regards Cylindrosporium 
oculat'um B. and E. (6) as a synonym of S, musiva. The author confirmed 
this opinion after examining material of Cylindrosporium oculatum. 


The pycnidia, which are produced throughout the summer, occur in lesions on both leaf 
surfaces, embedded in tissues below the epidermis. They vary from globose to depressed- 
globose. Walls consist of 1-2 layers of thin-wall, brownish cells.^ In some instances, 
walls very indistinct and delicate. Ostiola vary from narrow to wide, the latter giving 
pycnidia aspect of acervuli. Measurements of 112 pycnidia from 7 hosts showed them 
to have a range of 48-128 x 48-112 p, average of 80 x 78 p (Fig. 2, E). Average size of 
pycnidia, slightly greater on some hosts than on others, but the size ranges overlapped. 

The conidia are cylindrical, sometimes tapering towards one end, straight or curved, 
hyaline and 1-4-septate (Fig. 3, B). Measurements of 850 conidia from 7 hosts showed 
range of 28-54 p in length with an average of 37 p. There was a slight difference in the 
average length of conidia from certain of the hosts but the ranges intergraded in all cases. 
The width of the conidia showed very little variation, being mostly 3.5-4 p. Under moist 
conditions, the conidia oozed out from the pycnidia in pinkish masses or long spore tendrils, 
which became whitish upon drying. 

Small white or arid spots sometimes were found intermingled with the typical lesions 
in field collections of infected leaves. Conidia obtained from pycnidia in these spots were 
elliptic-fusiform or cylindrical, straight or curved, hyaline, continuous or 1-2-septate, 
12-29 x 3.5-4 p (Fig. 3, E). The diversity in the dimensions of the pycnidia and conidia 
indicates that the fungus is a variable species as wms pointed out by Davis (5) and Dear- 
ness (2). 

Spermogonial Stage. As far as tlie writer was able to ascertain, this 
stage of the fungus has not been mentioned previously in literature. Sper- 
mogonia were found in lesions in the leaves on the trees and in fallen leaves 
on the ground in September and October. The globose spermogonia, 48-80 
X 48-96 p, occur scattered throughout the lesions on both leaf surfaces. They 
lie slightly sunken in the tissues below the epidermis, through which the 
narrow mouths protrude (Fig. 2, P). The walls of the spermogonia are 
composed of 1-2 layers of small, irregular, dark, cells. The spermatia, 
which 00556 out at the mouths of the spermogonia in small glistening droplets, 
are unicellular, oblong or rod-shape, hyaline, 4r-6.5 x 1.5 p. 

EXPERIMENTS ON THE DURATION OF ASCOSPORE DISCHARGE 

Materials and Methods 

Wire-screen wooden frames, 15 in. square, were used. Wintered leaves 
of Populus Mlsamif era hearing perithecia were spread out on the surface of 
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one of the frames. The other frame was then placed over the leaves, so that 
they were held in position by the two screens. On April 29, 1936, the 
frames containing the leaf material were placed on a northeast hillside partly 
shaded by hardwoods and conifers. Clean glass slides were placed on the 
screens over the leaves. The slides were examined daily and fresh ones pnt 
in their place. Data on meteorological conditions were secured from the 
weather bureau located on the campus of Cornell University, about 300 yards 
from the frames. 

Ascospores were first collected on May 1, and finally on August 29, 1936. 
In the interim, ascospores were found on the slides following rains of suffl- 
cient importance to moisten the leaves. 

On August 29, 1936, wintered leaves containing perithecia of Mycospliae.- 
rella populorum were gathered from the ground beneath trees of Fopulus 
halsamif era and brought into the laboratory. The leaves were dampened 
and placed in a moist chamber lined wdth wet filter paper. Eight clean 
slides were placed over leaves. An hour later viable ascospores ■were found 
on each of 6 of the slides. 

Since these experiments were conducted only in the summer of 1936, the 
results can be interpreted only as indicating that ascospore discharge may 
take place intermittently over a long period of time. The fact that the pre- 
cipitation for May, June, July, and August, inclusive, of that year -v^as 9.41 
in. as compared with the normal of 13.88 in. may account in part for the 
length of the period of ascospore discharge. 

PATHOGENICITY 

In order to test the pathogenicity of the fungus, certain species of pop- 
lar, common to the vicinity of Ithaca, were inoculated under greenhouse 
conditions in 1933 and 1934. In 1936, additional species were inoculated. 
The results of all inoculations are presented in table 1. 

Out of 28 species and varieties inoculated, 26 were susceptible and 2 
remained free from infection. Pyenidia and conidia typical of the conidial 
stage of Mycosphaerella popidorum developed in the lesions of all the sus- 
ceptible species. Symptoms usually appeared 10-12 days after inoculation, 
although in some experiments they did not appear until after 20 days. 
Lesions usually appeared first on the older leaves. Young leaves, however, 
sometimes developed spots as soon as the moi*e mature leaves. 

PHYSIOLOGICAL STUDIES 

The pathogen was isolated repeatedly in 1934, 1935, and 1936 from single 
ascospores, single conidia, and tissue plantings from infected leaves. The 
cultures obtained from these sources were similar to one another when grown 
on potato-dextrose agar, the only medium employed. 

Characters of Growth in Culture 

At the end of 3 days colonies of white, compact mycelium developed from 
single spores in cultures held at 24rC. After 10 days at this temperature, 
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TABLE 1 . — Besults of inoculations with Myeosphaerella populorum under green- 

house conditions 


Tree species 

Trees 

Leaves 

inoculated 

Leaves 

infected 


Number 

Number 

Per cent 

P. acuminata 

4 

71 

85.9 

P. alha 

5 

93 

0.0 

P. angulata 

1 

38 

28.9 

P. halsamifera 

7 

126 

46.0 

P, 'berolinensis 

4 

80 

27.5 

F. canadensis var. eugenei 

4 

108 

65.7 

P. canadensis var. serotina 

4 

81 

48.1 

P. candicans 

12 

288 

53.1 

P. caudina 

4 

112 

54.4 

P, char'koviensis 

2 

40 

35.0 

P. epirotica 

2 

38 

0.0 

P. generosa 

5 

104 

64.4 

P. incrassata 

4 

t 91 1 

56.0 

P. hanjitaliana 

4 

150 

15.3 

P.maximowic^ii 

2 

30 1 

36.6 

P, nigra var. gigantea 

4 

60 

33.3 

P. nigra var. italica 

5 

234 

15.3 

P. nigra var. plantierensis 

3 

58 

24.1 

P. nigra var. thevestina 

2 

45 

64.4 

P. petrowskyana 

5 

130 

33.0 

P. robust a 

5 

123 

42.2 

P. roegneriana 

5 

129 

31.7 

P. simonii 

^ i 

101 

20.7 

P.simonii var. fastigiata 

■5 ! 

185 

31.8 

P. szechuaniea 

6 

169 

65.6 

P. tacamahaca 

11 

289 

51.2 

P. tremuloides 

5 

356 

14.8 ■ 

P. trichocarpa 

7 

145 

66.8 


the central portions of the colonies were greyish-green, surrounded by white 
borders. Growth took place in the centers in such a manner as to build 
these np. Small droplets of an amber colored liquid appeared upon the 
colonies. These droplets later became filled with conidia which oozed out 
into them in pinkish masses from pycnidia embedded in the mycelium. 
While the majority of the colonies had these characters, variations were 
observed. Certain colonies failed to form greenish centers and to produce 
conidia. Others showed intermediate characters in color and ability to 
sporulate. Isolations which were made from atypical conidia found in 
small white lesions formed colonies with greenish centers and white margins. 
In these cultures conidia were produced sparingly and did not develop until 
10-12 days later than those that developed in cultures made from typical 
conidia. 

Effect of Temperature on Germination of Ascospores 

Freshly expelled ascospores were caught on cover slips, each bearing a 
drop of sterile water. Those showing a number of spores were inverted over 
van Tieghem cells and placed in constant-temperature chambers for germi- 
nation. At the end of 6 hours, the germ tubes of 25 spores at each tempera- 
ture were measured and averaged. 
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Under tlie above conditions, the optimum temperature for germination 
of aseospores was 27'' C. At this temperature spores germinated in 75-90 
min. with the formation of germ tubes at one or both ends of the spores 
(Fig. 3, C). At the end of 6 hours, the average length of germ tubes at this 
temperature was 76 p. Germination took place at temperatures between 3° 
and 30° C. At 3° and 6° C. germination did not occur until 3-4 days had 
elapsed. 

Effect of Temperature on Growth of the Fungus 

Single aseospores w^ere isolated and each planted in the middle of a test- 
tube slant of potato-dextrose agar. Two tubes were placed in each of a 
series of temperature chambers. At the end of 2 w^eeks the diameters of the 
colonies held at each temperature w^ere measured and averaged. The maxi- 
mum amount of growdh occurred in the tubes kept at 27° C., wdiere colonies 
attained an average diameter of 13 mm. 

Part II. Leap Spot Caused by Mycosphaerella populicola, sp. nov.^ 

SUSCEPTS 

Twenty-four species and varieties of poplar (Table 2) were inoculated 
under greenhouse conditions. Only Populus szechuaniea^ P. tacamahaca. 


TABLE 2. — Results of inoculations with Mycosphaerella populicola under greenhouse 
conditions 


Tree species 

Trees 

Leaves 

inoculated 

Leaves 

infected 


Number 

Number 

Fer cent 

P. acuminata 

2 

52 . 

0 

P. alba 

1 

11 

0 

P. angulata 

1 

8 

0 

P. balsamifera 

1 

22 

0 

P. berolinensis 

2 

46 

0 

P. canadensis var. eugenei ...... 

2 

43 

0 

P. canadensis var. serotina ... 

4 

101 

0 

P. candicans 

4 

106 

0 

P. caudina 

1 

' 44 

0 

P. generosa 

2 

40 

0 

F.incrassata 

■ ■ I ■ 1 

32 

0 

P. IcanjitaUana 

2 

68 

0 

F. nigra var. italica 

2 

62 

0 

P. nigra var. plantierensis 

5 

146 

0 

F, nigra var. thevestma 

2 ■ 

38 

0 

P. petrowsTcyana 

2 

56 

i 0 

F.robusta 

2 

46 

0 

P. roegneriana ; 

3 

80 

0 

F.simonii 

3 

90 

0 

P. simonii var. fastigiata 

2 

74 

0 

P. SBechuanica 

3 

120 

50.0 

P. tacamahaca 

6 

152 

38.8 

P. tremuloides 

2 

21 

0 

F.trichocarpa 

4 

104 

1 y : 48.0 


_ 3 The greater portion of the information reported in this section of the paper was 

obtamed while the author was conducting field work in Northern Ontario for the Depart- 
ment of Botany, University of Toronto. The investigations were continued at Cornell 
University through the kindness of Professor H. 8. Jackson who collected and sent fresh 
material to the writer. 
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and F, tricJiocarpa were susceptible ; all others remained free from infection. 
In the literatnre P. angustif oUa, P, candicmis and P. deltoides are reported 
as hosts. The latter two were immune in the author’s experiments. An 
examination of various exsiccati specimens showed further, that in certain 
collections the hosts were incorrectly determined and that Sepioria populi- 
co/u. was confused with S. musiva. 


Mycosphaerella populicola, sp. nov. 

Syn. Sepioria poptilieola Pk. Ann. Bept. New York State Bot. 40: 61. 


Peritheeiis, plerumque liypophyllis, sparsis vel aggregatis, semi-iramersis, nigris, glo- 
bosis, ostiolis papillato, 9 6-160 x 96-144 ascis, fascieulatis, eylindraceis-elavatis, 
brevisme stipitatis, 64-90 x 13-16 p, oetosporis, aparapbysatis ; sporidiis irregulariter 
distiebis, fiisiformi]3us, reetis vel leniter eurvatis, uniseptatis, celMis aequalibus, hyalims, 
‘i:^-32 X 6-6.5 a- Hab, in foliis dejectis vere Pop'wZi tacama/iacae Mill. 

P(‘rithecia mostly bypopliyllous, scattered or aggregated, partially crumpent, black, 
globose, walls composed of 2-4 layers of rather large irregular, dark-colored cells, some- 
what thickened around the ostiola, 96-160 x 96-144 p, ; asei, eylindrie-clavate, short stipi- 
tate, 64.-90 X 13-16 p, S-spored, aparaphysatej aseospores irregularly biseriate, fusiform, 
straight or slightly curved, one-septate, slightly constricted at the septa, cells about equal 
in size, hyaline, 22-32 x 6-6,5 p (Pig. 2, A, and Pig. 3, P, G). Hab. in fallen leaves of 
teawahacn Mill, in the spring. 


THE DISEASE 


Bange 

This leaf disease of poplars is known only in North America. In the 
United States, it has been reported from the following States: New York 
(12), Michigan (13), Vermont (8), Nebraska (9), and Idaho (15). In 
Canada it has been reported from Manitoba, Ontario, and Saskatchewan. 


SYMPTOMS 

The lesions on the leaves show considerable variation in size, shape and 
color and do not differ appreciably from those caused by Mycosphaerella 
populoruni. Characteristically, they are 1-8 mm. in diameter, circular, 
and irregular or angular in outline. On the upper surface, the spots are 
reddish-brown to dark-brown, often with arid centers, and sometimes have 
a zonate appearance (Fig. 1, A). On the lower surface the spots are lighter 
brown. The spots may be sparsely or numerously scattered over the leaves. 
Frequently, coalescence of the lesions results in the formation of large spots 
occupying ^ to | the leaf area. 

ETIOLOGY 


Perithecial Stage. Leaves of P. tacamahaca bearing the conidial stage 
of the fungus, Sepioria populicola^ were collected in the fall and wintered 
in wire baskets placed out-of-doors. In the spring these leaves contained 
perithecia typical of the Mycosphaerella. Since a careful search 

through the literature and an examination of various exsiccati specimens of 
members of this genus on poplars showed that no species similar to the one 
under investigation has been described previously, it is here presented as a 
new species and the following name is proposed : 



252 


Phytopathology 


[VoL. 31 


Type Locality ^ Bear Island, Lake Teniagami, Ontario, Canada. 

Type Specimens. Author’s collection No. 583, part of wliieh has been 
deposited in the following herbaria : Department of Plant Pathology, Cor- 
nell University, Ithaca, N. Y. ; Parlow Herbarium, Harvard University, 
Cambridge, Mass.; Department of Botany, University of Toronto, Toronto, 
Can. 

Pycnidial Stage. The iDycnidial stage of Mycosphaerella popuUcola was 
described as Septoria popuUcola by Peck (12) from material of living leaves 
of P. halsamifera L. (P. tacamahaca Mill.) collected at Keene, N. Y. 

The pycnidia, which develop throughout the summer in the living infected leaves, are 
characterized as follows: pycnidia aggi’egated in the center of, or scattered irregularly 
throughout the lesions, amphigenous, globose or spherical, walls composed of 2-3 layers 
of dark-colored, irregular cells, walls occasionally thin and almost hyaline, ostiola jyrotrnd- 
ing slightly, 80-167 x 80-167 p (Fig. 2, B) ; eonidia filiform or slightly elavate, straight 
or curved, 2~5-septate, hyaline, 45-80 x 3.5-*4.5 p (av. length 300, 62 p) (Fig. 3^ H) 
oozing out under moist conditions to form pinkish masses or tendrils, becoming whitish 
when dry. 

Spermogomal Stage. This stage of the fungus apparently has not been 
mentioned in literature. Spermogonia were found associated with the 
pycnidial stage during August and September. A brief aceoiint of their 
morphology is as follows : Spermogonia amphigenous, globose or spherical, 
dark, sunken in the leaf tissues with the ostiola slightly protruding, walls 
composed of 2-3 layers of irregular, dark-eolor cells, 64-112 x 96-112 p 
(Fig. 2, C) Spermatia, oblong or rod-shape, straight or slightly curved, 
unicellular, hyaline, 6.5-8 x 1-1.5 p, oozing oiit at the ostiola in small glisten- 
ing droplets. 

PATHOGENICITY 

During 1933 and 1934 inoculation experiments were carried out under 
greenhouse conditions, using species of poplars common in the vicinity of 
Ithaca, New York. In 1936, additional species of poplars were obtained for 
these experiments. The results of these experiments are presented in table 2. 

The fungus was found to be pathogenic on three species of poplars. The 
remainihg twenty-one species and varieties were free from infection. The 
symptoms usually appeared 14-20 days after the plants were inoculated. 
A longer incubation period was required when the summer temperatures in 
the greenhouse were high. One set of inoculations failed when the tempera- 
ture in the greenhouse reached 46° C. 

PHYSIOLOGICAL STUDIES 

The fungus was isolated repeatedly during the course of three years from 
single ascospores, single eonidia, and plantings of infected leaf tissue. 
Potato-dextrose agar was used as the culture medium. 

Characters of Growth in Culture 

Young colonies were white. With age, the centers became greenish 
and built up by mycelial growth. Pycnidia then developed partly em- 
bedded in the mycelium. Later these produced eonidia which oozed out in 
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pinkisli masses (Fig*. 2, G). The eonidia produced in culture were slightly 
larger than those found in nature. Measurements of 100 eonidia taken from 
cultures ranged from 54-99 x 4-5 p with an average length of 76 p. Spermo- 
gonia and spermatia that resembled those produced in nature were present 
in some of the older cultures. 

Effect of Temperature on Growth of the Fungus 

For these studies, single ascospores were isolated and planted singly in 
the middle of test tube slants of potato-dextrose agar. Two tubes were 
placed in each of 9 constant-temperature chambers. Two weeks later the 
diameters of the colonies grown at each temperature were measured and 
averaged. Those maintained at 21° and 24° C. showed the most abundant 
growth, with an average diameter of 12 mm. The fact that the optimum 
temperature for growth of the pathogen lies between 21 and 24° C. may 
account in part for the distribution of the disease, which occurs principally 
in the northern regions of the United States and in Canada. 

SUMMARY 

Part. 1. Leaf Spot Caused by Myeosphaerella populorum 

In inoculation experiments conducted in the greenhouse, 26 species of 
poplar were susceptible to this disease. Two species remained free from 
infection. 

The disease, known to occur only in North America, is widespread in the 
northern United States and in Canada. 

The symptoms on the leaves are necrotic lesions, which vary in size, shape, 
and color. 

The perfect stage of the fungus was obtained from wintered leaves of 
Populus dalsamifera. It proved to be an undescribed species of Mycosphae- 
rella to which the name M. populorum was given. In 1936, ascospores were 
discharged from perithecia, after rains, from May 1 to August 29. The 
conidial stage of the fungus was identified as Septoria musiva Pk. It de- 
veloped in lesions on living leaves throughout the summer. Spermogonia 
containing minute, rod-shape spermatia developed in diseased leaves in Sep- 
tember and October. 

Isolations from ascospores and eonidia usually gave the same type of 
growth. Yariations between certain cultures were observed. The optimum 
temperature for germination of ascospores and for mycelial growth was 
approximately 27° C. 

Part II. Leaf Spot Caused by Myeosphaerella populicola 

Inoculation experiments conducted under greenhouse conditions on vari- 
ous species of poplar demomtmted that Populus szechuanica, P, tacamahaca 
and P. trichocarpa were susceptible to this disease. Twenty-one other inocu- 
lated species remained free from infection. 

The symptoms are necrotic leaf spots that develop in summer. 
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The perfect stage of the fungus was obtained from wintered leaves of 
P. tacamahaca, which contained the conidial stage the previous summer. 
It is described as a new species and the name i¥. populicola is proposed. 
The conidial stage was identified as Septoria populicola Pk. It occurs in 
lesions on the living leaves in summer. Spermogonia, containing minute, 
rod«shape spermatia, were found in the lesions in the autumn. 

Isolations from ascospores and eonidia produced the same type of growth 
when grown on potato-dextrose agar. The optimum temperature for 
mycelial growth lay between 21® and 24® C. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New York. 
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A HERITABLE LYSIS IN GERMINATING CHLAMYDOSPORES 
OP SPHACELOTHECA SORGHP 

Thomas Laskaris2 
(Accepted for publication Sept. 11, 1940) 

INTRODUCTION 

111 the course of genetic studies on Sphacelotheca sorghi (Link) Clinton, 
the covered kernel smut of sorghum, it was observed that the ehlamydo- 
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spores produced by certain moiiosporidial crosses germinated in an abnor- 
mal manner and the promycelia disintegrated. A brief report of this 
phenomenon was presented before The American Phytopathological Society 
in 1938 (7). The present paper is a more detailed account and includes 
the results of further investigations. 


LITERATURE 

Abnormal germination of chlamydospores of several species of smut 
fungi has been reported in the literature from time to time. In Ustilago 
zeae (Beckm.) Ung., Christensen (2) found that the ehlamj''dospores from 
a certain cross germinated abnormally, and sporidia, after budding several 
times, grew no further. Holton (5) reported that primary sporidia, iso- 
lated from the promycelia of germinating interspeeifie hybrid chlamydo- 
spores, produced by a cross between Usttlucjo R'acRfia (Pers. ) Jens, and Z7, 
levis (K. and S.) Mag., rarely developed in culture. He suggested that 
some lethal factor or factors may be present and become effective in certain 
interspecific crosses. Eodenhiser (8) found that promycelia from chlamy- 
dospores produced by an interspecific cross between Sphacelotheea sorgM 
Link (Clinton) and Sphacelotheca cruenta (Kiihn) Potter were very abnor- 
mal and almost sterile. Goldschmidt (4) mentioned a “wild type” of germi- 
nation occurring in chlamydospores of certain crosses of Ustilago violaceae 
Pers., which he attributed to cytoplasmic incompatibility. Kienholz and 
Heald (6) observed a rupture and degeneration and other abnormalities in 
the promycelia of germinating chlamydospores of Tilletia tritici (Bjerk.) 
Wint., which occurred on certain media only. 

Keeently, Chilton®^ (1) demonstrated that an abnormal type of chlamy- 
dospore germination in Ustilago zeae was governed by a genetic factor or 
factors that caused the promycelia to disintegrate or “lyse.” The lysis 
appeared in all crosses in which the lethal factor or factors involved were 
present in one of the parental lines and absent in the other. The abnor- 
mality persisted through 3 chlamydospore generations. Chilton observed 
also that solopathogenie lines were obtained relatively often from crosses 
mvolving the lethal factor or factors, which suggested that abnormal meiotic 
divisions may have occurred. 

™ sorpk'i resembles that observed bv 

tb^l^^ V^^a,go zeae, but differs from it in certain respects, especially 
e lack of Jihty to produce solopathogenie lines and the effect of the lethal 
factors on the morphology of germinating chlamydospores. 

abnormal GERMINATION IN SPHACELOTHECA SORGHI 
Cms 22A3Y122B3. AhnoTmai germination was first noticed in the 

monosporidial lines, 22A3 
Tuvr^pT this cross the chlamydospores germinated and formed pro 

were produced within 48 hours, and the 
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199B^f' B chlamydospores produced by a lethal cross (22AsX 

I---B3). B. Typical germination of ehlamydospores produced by a non-lethal cross 
germinating ehlamydospores of cross 22 A 3 x 122B,. Some promveelia are 
produomg almost normal spondia while others are producing atypical sporidia^ 
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promrcelia finally disintegrated (Fig. 1, A). Normally, witliin a period 
of from 10 to 12 hours, often less, chlamydospores germinate and form a 
3- or 4-eell promyeelium on which sporidia arise from each cell (Fig. 1, B). 
As it appeared possible that the abnormality may have resulted from un- 
favorable environmental conditions, chlamydospores of cross 22A3 x 122B3 



^ diamngs of germinating ehlamydosp 
elilamydospores from a'^non-1 
bnormally germinating chlamydospores from lethal ( 
tion in size of sporidia produced by chlamydospores 
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were again germinated on carefully prepared potato-dextrose agar under 
the most favorable conditions of temperature, light, and moisture. Again, 
the germination was distinctly abnormal ; it also was evident that the abnor- 
mality was being expressed in various ways. Chlamydospores from other 
monosporidial crosses germinated at the same time and under identical 
environmental conditions showed no evidence of abnormality. 

Fully 90 per cent of the promycelia that develop from germinating 
chlamydospores of cross 22A3 x 122B3 disintegrate without forming viable 
sporidia. Most of the promycelia grow very slowly but may become very 
long, up to 200 g, before they disintegrate (Fig. 2, N). Frequently, no 
septa or sporidia are formed, although abortive sporidia are not uncommon 
(Fig. 2, F, K, 0). These may be short and globose, mycelioid, or they may 
be merely small papillae on the side of the promycelium ,* and all attempts 
to detach them by means of a micromanipulator were unsuccessful. Pro- 
mycelia occasionally divided into 2 or more parts, forming a eoenocytic, 
Y-shape structure, which in a few cases resembled the apical growth typical 
of germinating chlamydospores of the genus XJrocystis (Fig. 2, I). Some- 
times, a promycelium formed considerable atypical m^^celium before disin- 
tegrating, as is illustrated in figure 2, J. 

A small percentage of the chlamydospores from cross 22A3xl22B3 
germinated and produced nearly normal promycelia that formed viable 
sporidia and did not disintegrate (Fig. 1, G). In this group it was not 
uncommon to find promycelia with numerous cells, often 5, 6, or more. In 
a few cases some promycelial cells produced normal sporidia, while other 
cells in the same promycelium produced successive sporidia that disinte- 
grated soon after they were fully formed. Occasionally, certain sporidia, 
after having been isolated from others, were observed to bud, form a colony 
of 20 to 30 individuals, then stop growing, and disintegrate. 

Perhaps the most striking difference between lethal cross 22A3xl22B3 
and the normal crosses was the wide disparity in size between the atypical 
promycelia and sporidia of chlamydospores from the former and the normal 
ones from the latter. This is discussed more fully in a later paragraph. 

The first evidence of lysis was the abnormally dull, granular appearance 
of the promycelium, apparently the result of the lysis or dissolution of the 
promycelial membrane at many points. Loss of turgidity usually followed, 
causing the promycelium to appear shrunken. As the lysis progressed, the 
granular appearance became more and more pronounced until the outline 
of the promycelium could be seen only with difficulty in the final stage. 
Another less frequent type of disintegration resulted from the rupture of 
the promycelial membrane due, apparently, to pressure developed from 
within. In such cases there appeared to be a localization of cell contents 
at the apices of promycelia and hyphae, which became swollen, finally rup- 
turing and extruding granular bits of protoplasm into the surrounding area 
(Fig. 2, 0). At no time did the chlamydospore wall disintegrate or appear 
in any way abnormal. 
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Otliei’ Lethal Crosses* 

Germination tests were made with chlamydospores of sevei’al other 
crosses to find out whether they germinated normally. Lysis occurred in 
crosses 22A4 x 122B2, 122F2, and 22A1 x 22A4, althoug'h the percentage 
varied. Thus, the percentage of lysis in cross 22A4 x 122B2 averaged 50 
to 60 per cent, 20 per cent in 122P2 and 22A1 x 22A4, and 90 per cent in 
22A3 X 122B3. 


Proof that Tendency Towai’d Lysis is Heritable 

Several crosses were made by pairing- monosporidial lines isolated from 
cross 22A3 x 122B3 with monosporidial lines from normal crosses and then 
inoculating into young sorghum seedlings in Petri dishes, after the method 
of Tyler (10). Of these crosses, only 3 caused infection and produced 
elilamydospores on the mature host. Crosses 150, 152, and 154, which pro- 
duced chlamydospores, were examined for evidence of abnormal germination 
and each was fomid to average 20 per cent lysis. Inoculations were made 
also with the individual monosporidial lines that made up each of these 
crosses, but no chlamydospores resulted. Crosses between the normal mono- 
sporidial lines that were paired with the lines from cross 22A3 x 122B3 and 
other normal monosporidial lines produced only normally germinating 
chlamydospores. This evidence indicates that the lysis was attributable to 
a genetic factor or factors present in the haploid lines isolated from the 
lethal cross 22 A3 x 122B3. 


Size of Chlamydospores from Lethal and Normal Crosses 


Chlamydospores were measured to check the observation that spores, 
promyeelia, and sporidia of some of the crosses containing the lethal factor 
or factors were considerably larger than those of the normal crosses. The 
data obtained are given in table 1 and are based on measurements of 100 
individuals from each cross listed. The chlamydospores were placed on thin 
potato-dextrose-agar drops on van Tieghem cells in Petri dishes when 
measured for any one character. The mean lengths and widths of promy- 
celia produced by the lethal crosses were 71.A-20.6 g x 4.4-2.9 p, while those 
from the normal crosses were 24.4^18.2 p x 2.9-2.8 p. The mean lengths of 
primary sporidia from the lethal crosses were 18.9-9.6 p, while the mean 
^ngt s of primary sporidia from normal crosses ranged from 10.8 to 9.7 u. 

The mean diameters of chlamydospores from normal crosses ranged from 
D.y to 0.1 jj. 


It IS clear from table 1 that all of the characters measured were signifi- 
cantly larger in certain of the lethal crosses than in the normal crosses. In 
tact the deviation in crosses 22A3xl22B3 and 22A4xl22B2 is so <^reat as 
easfiy to exceed the limits of the species. In other crosses, however there 
weie no signi cant differences between lethal and normal crosses. This 
crosses . ’ ’ eonvemencG, crosses m whicli there was considerable lysis are designated lethal 
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may be explained by the fact that abnormal size appears to be correlated 
with the degree of lysis evident in the cross. Thus, cross 22A3xl22B3 
with an average of 90 per cent lysis showed the greatest pins deviation for 
all of the characters measured and cross 22A4xl22B2, with 50 to 60 per 
cent lysis, ranked second. Crosses 150, 152, and 154, the result of pairing 
monosporidial lines from cross 22A3 x 122B3 with monosporidial lines from 
normal crosses, each averaged only 20 per cent lysis and Avere entirely nor- 
mal in size of chlamydospores, promycelia, and sporidia. There are signifi- 
cant differences also between various normal collections, as Avould be 
expected in a species comprising many biotypes. 


Solopathogenicity and Lethal Crosses 

Solopathogenic lines, as defined by Christensen (2), are monosporidial 
lines capable of causing infection and forming chlamydospores when inocu- 
lated into the host alone. Solopathogenic lines have been reported in 
Ustilago zeae by Christensen (2), Eddins (3), Stakman et aL (9) and by 
Chilton^^ (1). Vaheediiddin® stated that 3 monosporidial lines of Spkace- 
lotheca sorghi appeared to be solopathogenic, but he did not conclude defi- 
nitely whether they were or were not. Chilton^ concluded that solo- 
pathogenicity in Z7. zeae was associated with tendency to lysis. A study 
was made to determine if this was true also in Sphacelotheca sorghi. 

In 1938, 76 monosporidial lines were isolated from the lethal cross 
22A3 X 122B3 grown in potato dextrose broth and inoculated hypodermi- 
cally into seedlings of Minnesota Amber Sorghum, 3 to 5 weeks old, growing 
in soil. In a preliminary experiment 27 of the lines were thus tested in 
the greenhouse, and later all were tested similarly in the field. All 76 lines 
were tested further by the method used by Tyler (10). In this method 
sorghum seeds were allowed to germinate on sterile moistened filter paper 
in Petri dishes. When the seedlings were 24 to 36 hours old they Avere 
inoculated by adding to each dish a sporidial suspension of the line to be 
tested. After remaining 36 hours longer in the dishes they Avere x')lanted 
in the field. Only one monosporidial line, S18, ever caused infection and 
produced chlamydospores. This was in the first greenhouse experiment; 
but, in the several subsequent field tests, S18 failed to cause infection and 
the results therefore are inconclusive. It is possible that S18 lost its 
pathogenicity during the 6 or 7 months that intervened before it Avas tested 
a second time, as Christensen (2) found that some solopathogenic lines of 
Ustilago zeae lost this ability after a few months, although other lines 
remained solopathogenic after 4 years in culture. 

The germination of the chlamydospores produced by line S18 was abnor- 
mal, but the percentage of lysis was comparatively low, being estimated at 
10 to 15. Twenty-one monosporidial lines, isolated from chlamydospores 
produced by S18, were tested for solopathogenicity by hypodermically 


5 See footnote 3. 

TT .Studies on the pathogenicity and genetics of some sorghum smuts. 
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inoculating young sorghum seedlings in the field. All of these lines failed 
to produce chlamydospores. 

In the spring of 1939 an additional 200 monosporidial lines from cross 
22A3 xl22B3 were tested in the field by inoculating them liypodermically 
into young sorghum seedlings of the very susceptible Minnesota Amber 
variety used in the previous tests. All of these failed to cause infect icai 
and produce chlamydospores. 

Thus, of 301 monosporidial lines isolated from cross 22A3 : A22I:i3 and 
inoculated singly into susceptible sorghum seedlings in 1938 and SI 8 

was the only one that produced chlamydospores; and 21 monosporidial lines 
isolated from these chlamydospores failed to cause infection, li a, la t'ger 
number of monosporidial lines from cross 22A3x l22B3 had bc*eu tested, 
solopathogenicity might possibly have been found associated with lysis; but, 
on the basis of the evidence given above, such association appears not to be 
common in Sphacelotheca sorghi 

DISCUSSION 

Abnormal germination in smut fungi may result from unfavorable envi- 
ronmental conditions (6). It also may be due to genetic factors in certain 
smut fungi^ (1, 2, 5, 7, 8). Chlamydospores resulting from interspecific 
crosses sometimes germinate abnormally, as might be expected of wide 
crosses with sterility factors operating. It is clear, however, from the inves- 
tigations of Chilton^ and of the writer that lysis of promycelia regularly 
occurs in crosses between certain biotypes within Ustilago zeae and Sphace- 
lotheca sorghi, • 

That the tendency toward lysis is due to genetic factors has been shown 
by making appropriate crosses. Chilton found that chlamydospores of 
these so-called lethal crosses tended to be larger than normal and that 
sporidia, if produced at all, tended to be diploid and solopathogenic. In 
his experiments, therefore, there appeared to be some association between 
abnormal size and behavior and abnormal diploidy. 

In 8 lethal crosses within Sphacelotheca sorghi there also was a tendency 
toward the production of abnormally large chlamydospores, promycelia, and 
sporidia; and there seemed to be some association between the amount of 
deviation from the normal and the degree of lysis. No relation could be 
observed, however, between degree of lysis in crosses and tendency to pro- 
duce diploid and solopathogenic sporidia. The writer tested more than 300 
monosporidial lines from lethal crosses within S. sorghi, but in only one 
doubtful case was there evidence of solopathogenicity. Although still more 
tests would have been desirable, it seems clear that tendency toward lysis 
in 8, sorghi is not necessarily associated with tendency toward diploidy 
where haploidy is the rule. 

As concerns the importance of tendency toward lysis of promycelia of 
chlamydospores resulting from certain intraspecifie crosses, it is evident 

7 See footnote 3. 
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that factors for lysis are likely to impose some limitations on the number 
of recombinations that may persist. In Ustilago zeae those combinations 
that are solopathogenic may be well able to persist because they are self- 
perpetuating*. In Sphaeelotheca sorgh% on the other hand, it seems likely 
that factors for lysis would operate more nearly as lethals, thus restricting 
the number of successful combinations within the species. More work 
should be done, however, before drawing final conclusions regarding the 
importance of lysis. 

SUMMARY 

A study was made of abnormal germination occurring in chlamydo- 
spores resulting from certain monosporidial crosses of Sphaeelotheca sorghi. 

Th6 abnormality consisted in the disintegration or lysis of the promycelia 
prior to or after the formation of sporidia. Promycelia that produced 
sporidia and did not disintegrate were atypical in morphology and the 
degree of abnormality appeared to be correlated with the degree of lysis. 

The tendency to lyse is governed by a genetic factor or factors, as it has 
persisted through 2 chlamydospore generations and is characteristic of only 
certain combinations of lines. 

Chlamydospores, promycelia, and sporidia of certain lethal crosses were 
significantly larger than those of normal crosses,* in some eases they easily 
exceeded the limits of the species. 

Solopathogenicity is not necessarily associated with tendency toward 
lysis in Sphaeelotheca sorghi. Of 322 monosporidial lines tested for solo- 
pathogenicity, only one produced chlamydospores, and then in only one test 
out of three. 

New York Botanical Garden, 

New York, N. Y. 
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THERMAL DEATH POINT OP FUNGI IN RELATION TO GROWING 

CONDITIONS 

Lee Ling and Emerson H. Yu 
(Accepted for publication September 10, 1940) 

It is expected that the thermal death point of fiingij like iiiaiiy other 
characters, is subject to the influence of growing conditions through changes 
in the physiological state of the organism. Such indication is given by 
divergent reports in literature regarding the thermal death point of the 
same species of fungus. However, no information is thus far availa])l(^ on 
experimental determinations of the nature and the extent of variation. In 
this paper, evidences are presented to show the relationship in conitlia of 
Golletoirichim vSpp. between resistance to the lethal action of high tempera- 
ture and environmental conditions under which coiiidia are produced. 

MATERIAL AND METHODS 

Monosporous strains of 3 species of ColleiotricJiuyny namely, 0. nico- 
tianae Averna-Sacca strain 2, C, gossypii South, strain 10, and C. glycines 
Hori strain 10b were studied, because of their readiness to germinate and 
produce abundant conidia on artificial media. They were grown at 28® C. 
on 2 per cent potato-dextrose agar with pH at 6.0 throughout the experi- 
ments. The reaction of medium was adjusted by adding HCl and NaOH 
and was determined colorimetrieally. Spores from young and vigorously 
growing cultures were suspended in beef -peptone broth, which was then 
diluted to uniform concentration for each trial. Thermal death point is 
expressed here as the temperature at which no spores germinate after the 
suspension has been exposed for a 10-minute period. For determination of 
thermal death point, ordinary methods for bacteriological study were fol- 
lowed. Spore suspension of the fungus to be tested was drawn up into 
sterilized capillary tubes several centimeters in length. Then the ends 
were sealed, and the tubes placed in a constant-temperature water bath at 
the desired temperature, with a deviation of not more than 0.2® C. in all 
eases. After a 10-minute exposure, the tubes were shifted immediately into 
cold water. Germination tests were made in van Tieghem cells, records 
being taken after 12 hours and again after 24 hours. Nonheated controls 
were maintained in all trials. All experiments were run in duplicate and 
most of them were repeated to corroborate the results. 

EXPERIMENTAL RESULTS 
Relation to Genetio Constitution 

In the study of environmental effects in the biological field, the inherent 
condition of the organism naturally comes first into consideration. In order 
to determine whether variation exists between biotypes within a species, a 
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number of monoeonidial strains of Collet otrichum spp., wMeb. were con- 
sidered genetically pure because of tbeir single-nucleate origin, were com- 
pared under standardized conditions. Prom tbe results presented in table 
1, it is obvious that tbe capability of withstanding high temperature charac- 
terizes each strain in a definite way, thus resembling many other physio- 
logical characters. In comparing the most thermally resistant strain with 
the most susceptible one in each species, a difference of 2 to 4° C. in thermal 
death point was found in two species, while C. glycines had a narrower 
range of variation. 

The three species tested also show differences in resistance to the cell- 
destroying action of heat, Colletotrichum nicotianae being the least and C. 
gossypii the most resistant one. This was confirmed by experiments 
described later. 


TABLE 1. — Thermal death point of conidia of Colletotrichum spp. in relation to 
genetic constitution 


C. gossypii 

C. glycines 

C, nicotianae 

Strain 

Thermal death 
point, in °C. 

Strain 

Thermal death 
point, in °C. 

Strain 

Thermal death 
point, in °C. 

4 

52 

11a 

51 

1 

50 

2 

1 51 

9a 

50 

31b 

50 

1 

1 50 

12a 

50 

3 

49 

8 

50 

2a 

49 

2 

46 

10 

49 

10b 

49 



5 

48 






Kelation to Incubation Temperature 

After incubation for 15 days, sporulation occurred at temperatures 
ranging from 24 to 32° 0. for Colletotrichum glycines and from 16 to 32° 
C. for the other two species. The thermal death points, as determined from 
those sporulated cultures, are recorded in table 2. Measurements of the 
diameter of colonies, taken 10 days afterward as a criterion of growth are 
also illustrated in graphic form in figure 1, A. In brief, the thermal toler- 
ance of conidia increases with the rise of incubation temperature. Lower 
temperatures apparently render the conidia less tolerant. Although the 


TABLE 2. — Thermal death point of conidia of Colletotrichum spp, in relation to 
incubation temperature 


Incubation tempera- 
ture, in °0. 

Thermal death point, in 

°C. 

C. gossypii 
strain 10 

C. glycines 
strain 10b 

C. nicotianae 
strain 2 

16 

48 

_a 

44 

20 

48 

—a 

44 

' 24 

48 

48 

45 

28 

49 

49 

46 

'■ ■■ .A,32.'' 

49 

49 

46 

36' ■ 

—a 

, 

49 

—a ■ 


-indicates no sporulation. 
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variation thus induced is only 2^ C. for 0. nicotianae fi^^d 1° for the other 
two species, the persistence of such a variation in repeated experiinent>s and 
its reg'ular increase proportionally with incubation temperature indieate 
that the results obtained are significant. 

Eelation to Medium Eeaction 

The reaction of medium exerted a greater influence on the therinai re- 
sistance oi Golletotrichum spp. than the incubation temperature (Table 3). 
Under the conditions of the experiments in which the ])H of miHlium was 
modified, lethal temperatures for C. gossypH and C. (jlj/einrs fall in the 
range from 49 to 51 C., and for (7. nicotianae y from 45 to 48° (\ It is 
possible that there is in existence more than one pH that ])ji*ovides suitable 
conditions to increase the thermal resistance of conidia. The actual loiui- 
tion of such optimum pH will, however, vary with the organism dealt with. 
The measurements of 7 days growth are presented also in figure 1, B, for 
comparison. 


TABLE 3. — Thermal death pomt of conidia of Colletotrichum .^)p. in relation to 
medium, reaction 


Initial pH 
of medium 

Thermal death point, in 

®G. 

C. gossypii 
strain 10 

C, glycines \ 

strain 10b 

C, nicotianae 
strain 2 

3.6 

49 

49 

47 ■ 

4.2 

49 

51 

—a 

4.8 

49 

49 

48 

5.4 

50 

49 


6.0 

49 

49 

45 

6.6 

49 

49 

' —a 

7.2 

51 

51 

' ''46 

7.6 

49 

51 

— 

8.4 

49 

I 49 

47 ■' 


a - indicates no test. 


Relation to Nutrition 

Besides the natural hosts, 5 different agar media, i.e., 2 per cent potato- 
dextrose agar, Richard’s medium, and Richard’s -with nitrogen, phosphorus, 
or potassium omitted, were selected for testing the thermal tolerance of 
conidia of Colletotrichum in relation to nutrition and substratum. The 
growth was equally good on potato-dextrose agar and complete Richard’s 
medium. The medium from which nitrogen was omitted supported only 
very feeble growth, hence no sporulation resulted. On one or two of the 
other mentioned substrata, each of the 3 Colletotrichum species involved in 
this study also failed to produce spores. As shown in table 4, variation in 
thermal death point, as induced by nutritional difference, ranges from 46 
to 50° C. for C. nicotianae, from 49 to 50° C. for C. gossypii, and from 50 
to 51 C. for C- glycines. Except in C, nicotianae, where a radical lowering 
in thermal resistance is noticed in potato-dextrose agar in comparison with 
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other media used, tlie nutritional conditions appeared to have little eflfeet. 
In the other 2 species, the variation of only 1° C. seems of little significance. 


TABLE 4. — Thermal death point of Colletotrichum spp, in relation to nutrition 


vSiibstratiiin 

Initial jdH 
of medium 

Thermal death point, in °C. 

C. gossypii 
strain 10 

G. glycines 
strain 10b 

C. nicotianae 
strain 2 

Host 


—a 

49 


Potato-dextrose 

6.6 

50 ' 

50 

46 

Bicliard 

5.3 

51 

50 

49 

Eichard ^s-K 

5.4 

51 

—a 

49 

Eieliard ’s-P 

6.2 

50 

-a 

50 


a - indicates no sporulation. 


DISCUSSION 

The thermal death point of fungi is generally studied for two main 
interests : As a reference to the practical application of heat in eontrolling 
disease caused, and as a physiological problem in the developmental history 
of the organism. It is, however, difficult to evaluate the data thus obtained 
before the physiological aspects of the so-called thermal death point’’ 
itself are fully understood. Although the results as presented in this paper 
clearly show that the thermal death point is not a static phenomenon, being 
influenced considerably by both external and internal conditions, the ques- 
tion may arise as to its constancy, even under uniform environment. In 
the different experiments mentioned above, all but one of the factors are 
kept relatively uniform. Therefore, corresponding figures can be taken 
out one by one from the above tables when all the controlled factors are 
comparable. These figures thus taken out are compiled in table 5 for com- 
parison. Irrespective of differences of one degree, which probably are in- 
duced by slight variations in pH and also the composition of different 
batches of potato-dextrose agar, the similarity of figures determined at dif- 
ferent times for the particular strain in each species indicates that the 
thermal death point is a relatively constant character. 


TABLE 5. — Thermal death pomt of conidia of Colletotrichum spp. determined at 
differ cAit times for material grotcn on the same medium and at the same incub a^ 
tion temperatures 


Source of 
figures 

pH of 
medium 

1 Thermal death point, in °G. 

C. gossypii 
strain 10 

0. glycines I 
strain 10b 

C, nicotianae 
strain 2 

Table I 

6.0 

49 

49 

46 

Table 2 - 

6.0 

49 

49 

46 

Table 3 

6.0 

49 

49 

45 

Table 4 

6.6 

50 

50 

46 


Nevertheless, even under more or less constant experimental conditions, 
the resistance of conidia of Colletotrichum to high temperature may be eon- 
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siderably altered by environmental factors. In C. nicoUanae the tfiermal 
death point may cover a wide range, from 44 to 50'^ C. In nature, the 
interaction of climatic and nnmerons other factors is expected to be more 
complicated and variable. Consequently, the environmeiits under which 
the fungi grow and fructify may exert even greater influence than the 
present results indicated on their ability to withstand severe weatlier, and 
hence on the chances of their perpetuation. This aspect may also become 
a limiting factor in the distribution of ph^^siologic races of fungi. For 
instance, in cereal rusts the possibility of oversumniering or overwintering 
is important in certain localities in considering epidemics. In otlier words, 
the probability for a certain race to establish itself in northern latitude may 
be determined by its ability to survive cold winter, and in southern hititnde 


TEMPERATURE IN DEGREES CENTIGRADE 


P pHOF MEDIUM 

nf 0^ temperature on the growth of CoUetotrieh 

or pH of medium on tlie growth of CoUetotrichum spp. 
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by its ability to survive bot summer. Tile problem of oversummering or 
overwintering is, however, not merely related to the temperature in summer 
or in winter ; but equal, if not more, weight must be considered as to the 
environmental conditions of the previous growing period. 

Prom the practical point of view, the fact that genetic variations for 
thermal death point exist between species, and even between strains within 
a species, is important. If the thermal death point is variable, a fixed 
schedule recommended for general use in eliminating a certain fungus, 
borne inside the seed or other plant parts, as in the case of cotton anthrac- 
nose, may not always give satisfactory results, as would be expected. Fail- 
ure after applying such a schedule might be due to the occurrence of a 
particular strain of the pathogen highly tolerant to the destructiveness of 
the thermal effect. 

Concerning the relation of incubation temperature and medium reaction 
to thermal death point, it seems justifiable to make a generalized statement 
that the conidia produced under the environments most suitable for growth 
stand the best chance for resisting high temperature. Being vigorously 
growing and healthy, the organism is expected to be more tolerant to dis- 
turbance by the accelerating action of heat. This is especially true in the 
cases conditioned by incubation temperature. In comparing figure 1, A, 
and table 2, the incubation temperatures at which conidia with the highest 
thermal resistance are produced are in all cases located at and near the 
optimum temperatures for growth. Of course, the alternative explanation 
may be that heat resistance is simply a matter of acquired adaptation, as 
the organism has grown under higher temperatures long enough to be able 
to withstand them better. A similar relationship, however, is also evident 
between thermal death point of conidia and reaction of medium. As shown 
in figure 1, B, the graphs representing the pH relation of growth in Colleoio- 
irichum glycines and C. gossypii are both of bimodal type. There exist 
also two modes where the thermal resistance of conidia is increased. Tak- 
ing C. glycines for illustration, the two modes in the growth curve, one at 
pH 4.8 and the other at pH 7.2, are in close accordance with the regions 
showing highest thermal resistance, which are 4.2, 7.2, and. 7.6 in pH scale 
(see Table 3). For C. gossypii, the corresponding figures are 5.4 and 7.6 
in the former condition and 5.4 and 7.2 in the latter. The occurrence of 
slight disagreement probably is due to the fact that the intervals in pH used 
are too wide to show the real optima. In the ease of C. nicotianae, a some- 
what normal curve correlates the medium acidity and growth rate, with 
mode at pH 4.8. It is also at the same pH that the death temperature is 
highest. 

Eegarding the alteration of the thermal death point of Colletoirichum 
by modifying nutritional conditions during the previous growing period, 
the influence is apparently not so profound. The results so far obtained 
are only enough to indicate the possible occurrence of such an alteration. 
But it is far from adequate to answer whether the thermal resistance is cor- 
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related ■with vigor of growth, or with any particular cliemieai elements in 
the substratum. Further studies are necessary to throw more light on this 
problem. 

SUMMARY 

Three species of CoUetotricJmni were selected in comparing tiu^ir ther- 
mal death points under different growing conditions by ex])osing th(‘ conidial 
suspension at constant temperatures for a period of 10 minutes. (Jeneral 
technic for determining the thermal death point of bacteria was followed. 

Alteration in thermal resistance was found among monoconidial strains 
within a species, and under the influence of incubation temperatm’(\ pH of 
medium, and nutritional conditions. Among the three spe(nes tested, 0, 
nicotianae was most affected hj the environmental factors, its thermal death 
point varying from 44 to 50° C. For C. gossy-pii and C. glycmei^, the ranges 
of variation were 48 to 52 and 48 to 51 degrees C., respectively. 

Regarding the effects of incubation temperature and reaction of medium, 
a general relation was noticed that the conditions most suitable for fungus 
growth usually render the conidia produced most resistant to the destructive 
thermal effect. The variation induced by nutritional differences is less pro- 
found, and its cause is hardly explained on the basis of the results secured 
thus far. 

As the environmental conditions in nature are expected to be much more 
variable, the variability of thermal resistance of fungi is considered to be 
important in the practical application of heat in controlling plant diseases 
caused by them., in their survival and perpetuation in certain localities, and 
in the determination of the distribution of physiologic races. 

Division op Plant Pathology, 

SzECHUEN Provincial Agricultural Improvement Institute, 
Chengtu, China. 


FUNGI ASSOCIATED WITH STAIN IN CHEMICALLY TREATED 

GREEN LUMBER 

A . F . V E it R A L L 
(Accepted for publication August 2, 1940) 

INTRODUCTION 

During the past 10 years the use of effective chemical treatments to pro- 
tect lumber from fungus stains during the air seasoning period has become 
general, particularly in the Southern States." The general effectiveness of 
the treatments in commercial use is even more than was anticipated during 
their development. Occasionally, however, mills have reported severe 
staining of chemically treated lumber. Some of these failures were obvi- 
ously due to poor handling practices but the possibility existed that certain 
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staining fungi, possibly of little importance on untreated wood, were more 
tolerant to the toxics used than were fungi known to cause important stain- 
ing of untreated wood.^ The present study was made to determine what 
fungi were associated with occasional stain developing in lumber treated 
with the common commercial chemicals used to prevent staining. 

METHODS 

The general methods used were the same as those previously reported^ 
in determining the fungi associated with stain in untreated lumber, the 
onl}?' difference being that part of the test lumber (mostly 1 x 4x 48 inches) 
was dipped in a chemical solution for approximately 5 seconds before sea- 
soning. The chemicals used were Lignasan (6.25 per cent ethyl mercuric 
chloride) 0.31 per cent and Dowicide P (a 1-1 mixture of sodium tetra- 
chlorophenolate and sodium 2-chloro-orthophenylphenolate), 1.03 per cent, 
representing the two groups, organic mercuries and chlorinated phenols, in 
general commercial use. The concentrations used were approximately those 
used in commercial mill operations. 

The treated and the untreated boards were piled randomly on dry cross 
sticks in the same pile. Pine (shortleaf, loblolly, and longleaf) and hard- 
woods (mostly red gum) usually were piled separately. 

Tests were made chiefly at one mill in northern Louisiana during most 
months in 1938 and March, August, and November, 1939. A few tests were 
made in southeastern Louisiana and northern Mississippi. The preponder- 
ance of tests at one mill probably was no hindrance to good sampling be- 
cause previous work^ showed that there was little difference in staining 
floras in widely separated localities in the southern States. 

RESULTS 

The tests were complicated by two difficulties: that of securing any stain 
in carefully selected treated hardwoods and that of getting appreciable stain 
in mercury-treated pine without complicating molding. In very few tests 
was usable stained material secured in nontreated lumber and that treated 
with both the chemicals. Because of this the comparisons are all made 
between each treatment and the nontreated controls accompanying that 
treatment when usable stained material was secured in the treated wood. 

In table 1 are shown the relative frequencies with which the various 
fungi were isolated. 

Fungi Isolated from Pine. In both treated and nontreated material the 
stain was attributable mainly to Ceratostomella pilifera (Pr.) /Winter, with 
C. ips Rumbold second in importance. Biplodia natalensis Evans and D. 
sp. are sometimes important;^ but, since they were practically absent on 
pine in the present tests, their place in the staining of treated pine remains 

2 Verrall, A. F. Relative importance and seasonal prevalence of wood-staining fungi 
in the Southern States. Phytopath. 29 : 1031-1051. 1939. 
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TABLE 1. — Frequency of isolation of different fungi from stained luml)er treadnd 
with Lignasan or Dowicide and from untreated stamed lumber 


Per cent of stamed samples yieldin<>‘ listed 


Puiigus and kind of lumber 

Lignasaii- 

treated 

Noil- 

treated 

Dowiedde- 
t rented 

Non 

Prom pine lumber: 





Ceratostomella pilifera 

71 

71 

8- 

73 

C. ips 

11 

13 

13 

14: 

Diplodia sp 

1 

1 

4 

1, 

D. natalensis 

0 

1 

0 

0 

Alternaria spp 

6 

4 

1 

4 

Cadopliora spp 

4 

0 

5 

0 

Ceratostomella sp 

0 

1 

0 

1 

C. pluriannulata 

0 

1 

■ 0 

1 

Cladosporhm spp 

O 

O 

0 

0 

0 

Endoconidiophora moniliformis ... 

0 

0 

1 

0 

GrapMum rigidum 

0 

4 

0 

3 

Eelmintliosporium genieulatum ... 

3 

<> 

1 

'2 

Pullularia spp 

4 

0 

0 

0 

Dark, undetermineda 

11 I 

19 

1 3 

- 19 

Nonstainingto 

100 1 

1 99 

1 92 ' 

! 99 

Number of samples 

72e ' : 

j 90 

1 ■ 13od 

I 91 

Prom hardwood lumber: 





Ceratostomella pluriannulata 

37 i 

71 

23 

i 77 

Endoconidophora coerulescens i 

67 

44 

69 

j 38 

Graphkm rigidum 1 

27 

48 

8 

35 

Diplodia natalensis 

0 

19 

0 

21 

Alternaria spp. 

0 

2 

0 

0 

Cadophora spp 

0 

11 

0 

27 

Ceratostomella sp 

0 

2 

0 

4 

Endoconidiophora moniliformis ... 

2 . 

29 

15 

■ 42 

Dark, undetermineda 

8 

2 

8 

0 

Nonstainingi* 

82 

90 

So 

92 

Number of samples 

49e 

63 

13f 

26 


a Probably includes some of the other fungi listed, but, if so, tliey were obscured by 
other organisms. 

Includes bacteria and yeasts as well as higher fungi, 
c Includes 7 tests at 3 mills, 
d Includes 8 tests at 4 mills. 

® Includes 7 tests at 1 mill, 
f Includes 3 tests at 1 mill. 

undetermined. Of the stain that occurred despite Lignasan treatnient, the 
proportion chargeable to the various fungi was nearly identical with that 
in the untreated. The Dowicide appeared somewhat less effective against 
C. pilifera and relatively more effective against the molds and dark, undeter- 
mined group. In view of the possible obscuring of C. pilifera by the dark, 
undetermined fungi and the molds, conclusion that there was more of it in 
the stained Dowicide-treated wood would be risky. 

Fungi Isolated from Hardwoods. Both treatments reduced the propor- 
tion of the stain caused by Ceratostomella pluriannulata Hedge., GrapJiium 
rigidum (Fex^,) Sacc. and Diplodia natalensis, particularly the last, which 
was never isolated from treated material. The fungi that, because of infre- 
(lueney of isolation or poor staining ability, are considered of minor impor- 
tance on nontreated wood^ are apparently of even less iinportance on treated 
s See footnoted. 
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wood. Endoconidiophora coerulescens Miineh was the one important 
fungus that gave definite evidence of being less easily controlled by the 
treatments than the staining fungi in general, but it may also be noted that 
the dark, undetermined fungus group appeared less easily controlled than 
the corresponding group on pine. Both G, rigidum and 0. phiriannulata 
were isolated in appreciably greater numbers from the Lignasan-treated 
wood than from the Dowicide-treated. D. natalensis was not isolated from 
treated wood, even in individual tests in which it was isolated from as high 
as 86 per cent of the nontreated samples. 

Although but 2 chemicals were extensively tested, preliminary tests with 
ethyl mercuric phosphate, sodium tetrachlorophenolate, and sodium penta- 
chlorophenolate indicate that there are no differences in staining floras 
occurring on lumber treated with these and the 2 chemicals extensively 
tested. From a small amount of borax-treated hardwood and soda-treated 
pine, Diplodia natalensis was isolated a few times, although it was never 
isolated when any other treatments were used. 

discussion 

From the isolation results here reported it seems that there is not a very 
specialized stain flora on pine lumber treated with the important commercial 
stain-control chemicals of the organic mercurial and chlorinated phenol 
types. Although there are some differences between the floras from treated 
and nontreated pine, these differences seem insufScient to explain the occa- 
sional cases in which extensive staining of treated lumber occurs. Also, 
there is little probability that tolerant forms of the important species stain- 
ing pine are being built up to an appreciable extent with the general prac- 
tice of chemical treatment. No indication has been observed that control 
has become more difficult in either pine or hardwoods. Observations indi- 
cate that the vast bulk of stain inoculum is produced on nontreated wood, 
and that when severe staining of treated wood occurs the cause usually can 
be traced to some poor handling practice and not to direct failure of the 
treatments. 

Endoconidiophora coerulescens is probably the most important staining 
fungus on hardwoods, and chemical treatment seems less effective against 
this fungus than against the other staining fungi. However, with hard- 
wood lumber cut from stain-free logs, chemical control is relatively easily 
attained. This is shown by general observations and by the fact that in the 
present tests over two-thirds of the treated hardwood lumber remained 
stain-free under severe seasoning conditions ; and, where stain occurred, it 
usually was limited to small areas on the treated boards but entirely covered 
the nontreated. In contrast to this, some stain was easily secured on most 
pieces of treated pine under the severe conditions of these tests. Because of 
the relative ease of stain control with hardwoods and the observation that 
most stain in treated hardwoods results from infections in the logs prior to 
treatment, it seems that possible resistant stains would be built up slowly. 
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Too long storage of logs, allowing infection of pine logs part’unilarly with 
fungi carried by Ips beetles, and infection of hardwood logs at the ends and 
with fungi carried by ambrosia beetles and too long an interval between 
the milling operation and the chemical treatinent appear to b(^ pra(die(\s 
responsible for many eases of treatinent failure in the South, Delaycal 
treatment is becoming particularly important with the incrtmsed use of 
portable saw mills whose outputs are frecpiently trucked to a comanit ration 
yard for treatment and seasoning. Oftentimes the interval between milling 
and dipping at the eoncentration yard is sufficient to allow the staining 
fungi to penetrate deeper into the wood than does the subsequent chemical 
treatment. The effect of the above and other handling piaudices on stain 
development has been discussed recently by Scheffer and Lindgren.'^ 

Protracted periods of weather unfavorable for drying may cause gen- 
eral failure of chemical treatments but this cause appears to be a less fre- 
quent one than the poor handling practices. 

Division- of Forest Pathology, Bureau op Plant Industry, 

United States Department of Agriculture 
In Cooperation with the Southern Forest Experiment Station, 

New Orleans, La. 


COMPAEATIVB STUDIES OF SUGAE~^EET AND POTATO 
ISOLATES OF RHIZOCTONIA SOLANU 

E. L. LeClerg 
(Accepted for publication Sept. 10, 1940) 

introduction 

Previous investigations^ have demonstrated that isolates of Bhizoetonia 
solani from stem-lesions of older plants and sclerotia on tubers of potato 
(Solanum tiiberosum) are nonpathogenie to sugar-beet roots, whereas 
isolates from sugar-beet {Beta vulgaris) and many isolates from stolon 
lesions of potato are pathogenic. 

The present study was made to ascertain whether or not differences 
existed among the 4 types of isolates with respect to morphology, physiology, 
and pathogenicity. 

experimental results 
Morphology 

To determine whether the hyphal diameter of some potato isolates dif- 
fered from that of a group of sugar-beet isolates, 10 isolates from each 
4 See footnote 1. 

TV. , ^ data presented in this paper were obtained in cooperative investigations by the 
Division of Sugar Plant Investigations, Bureau of Plant Industry, United States Depart- 
ment of Agi*multure, and the Division of Plant Pathology and Botany of the Minnesota 
Agneu tural Experiment Station. Paper No. 1783 of the Journal Series of the Minnesota 
Agricultural Experiment Station. 

2 LeClerg, E.L. Pathogenicity studies with isolates of sokm from potato 

and sugar beet. Phytopath. 31 : 49-61. 1941. 
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group were studied. Of tlie potato isolates, 4 were obtained from stem 
lesions of older plants and 6 from sclerotia on tubers. 

The isolates were grown on potato-dextrose agar in Petri dishes for 5 
days at room temperature. The hyphae were then mounted in a 10 per 
cent aqueous solution of glycerine on glass slides. By means of a projection 
apparatus the images were thrown on a white background and measured. 
The diameters of 200 young hyphae of each isolate were determined, meas- 
urements being made to the nearest tenth of a millimeter with a vernier- 
caliper. Unconscious selection of hyphae was avoided by measuring all 
hyphae encountered in passing from one end of the mount to the other. 

Table 1 gives the mean diameters of hyphae of each of the 20 isolates. 


TABLE 1. — Summary of dif erences in mean Jiyplial diameters of 10 potato and 10 
sugar-heet isolates of Jdhizoctonia solani 


Potato isolates^ 

Sugar-beet isolatesa 

Number 

Place of isolation 

Diam- 

eter 

Number 

Place of isolation 

Diam- 

eter 

Stem-lesion isolates 

Microns 



Microns 

P-100 

Baarn, Holland 

9.5 

SB-42 

Michigan 

7.8 

P-116 

Baton Eouge, La. 

10.4 

SB-39 

do 

8.0 

P-90 

Charlottetown, Canada 

11.1 

SB-45 

California 

8.2 

P-20 

Dilworth, Minn. 

11.4 

SB-49 

Michigan 

8.2 




1 SB-18 

Mankato, Minn. 

8.7 

Selerotial isolates 


1 SB-28 

do 

8.8 

P-85 

Quebec, Canada 

9.2 

SB-13 

Chaska, Minn. 

9.0 

P-36 

Amherst, Mass. 

10.0 

SB-33 

Oslo, Minn. 

9.0 

P-49 

Alliance, Nebr. 

10.3 

SB-43 

Ohio 

9.0 

P-105 

Chevaliszewo, Poland 

10.7 

SB-50 

E. Grand Forks, 


P-38 

Dove Creek, Colo. 

10.8 


Minn. 

10.7 

P-27 

Laramie, Wyoming 

11.1 





a Difference required for significance = 0.2 micron. 


The stem lesion and selerotial isolates from potatoes, as groups, do not differ 
materially in hyphal diameters. All but one of the sugar-beet isolates are 
definitely smaller than any of the potato isolates. 

Physiology 

Comparative experiments were made to study the radial growth of 20 
isolates from each of the 4 groups on different artificial media and to deter- 
mine the optimum temperature for radial growth. 

Effect of Medium on Radial Growth. The radial growth, as measured by 
diameter of colony, was studied on 2 different media. The averages given 
for potato-dextrose agar are determined from duplicate Petri dishes in each 
of 2 experiments; only 1 test, consisting of triplicated Petri dishes, was 
made on the high-nitrogen agar.^ The data were analyzed by the analysis 
of variance.^ 

3 The high-nitrogen agar was prepared according to the formula given by Eloyd A. 

Heck in ^ ^ A Study of the Nature of the nitrogenous compounds in fungous tissue and their 
decomposition in the soil, ^ ^ as published in Soil Sci. 27: 1-48. 1929. 

4 Eisher, E. A. Statistical methods for research workers. Oliver and Boyd, Edin- 
burgh and London. Fourth Edition, 1932. 
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From the data in table 2 it appears that the radial growth of the 4 groups 
of isolates is significantly different. On both media, the sugar-beet group of 
isolates grew fastest, followed in order by the stolon-lesion, stem-lesion, and 
sclerotial groups from potatoes. 


TABLE 2. — Badial growth of siigar-heet isolates and of potato stolon-irsion, slem- 
lesioUj and sclerotial isolates of HM^octonia solani, as groups, on pot a fo- dextrose and 
Mgh'Uitrogen media 


Group of 
isolates 

Number of 

Radial growth (mni.) 

on 

isolates 

tested 

Potato- 

dextrose 

High 

nitrogen 

Average 

Sugar-beet 

Potato 

20 

40.6 

35.0 

37.8 

Stolou-lesiou 

20 

38.6 

28.8 

33.7 

Stem-lesiou 

20 

32.1 

17.4 

24.7 

Sclerotial 

20 

24.2 

13.5 

18.8 

Required difference 


1.3 

0.8 



Effect of Temperature on Radial Growth. The mflnence of teinpera- 
ture on radial growth of 20 isolates from each of the 4 groups was studied 
at 20, 25, and 30 degrees C. The data presented are averages of duplicate 
cultures of each isolate at each temperature. 

From the data in table 3 it appears that 30° C. was the optimum teni- 


TABLE 3 . — Optimum temperature of sugar-leet isolades arid of potato, stolondeskm, 
stem-lesion, and sclerotial isolates of BMsoctonia solani as groups, as indicated hg the 
numler of isolates with maximum radial growth at the indicated temperatures 


Group of 
isolates 

Number of 
isolates 

Number 

of isolates with optimum 
temperature at 

tested 

20° C. 

25° G. 

30° C. 

Sugar-beet 

Potato 

20 

0 

1 1 

19 

Stolon-lesion 

20 

0 

17 

3 

Stem-lesion 

20 

1 

19 

0 

Sclerotial 

20 

Oa 

20 

0 


a One isolate grew equally well at 20° and 25° G. 


perature for all sugar-beet isolates except one (SB-33). This issolate grew 
slightly faster (1.5 mm.) at 25° C. than it did at 30° C. It may be that with 
further repetition this difference might be changed in favor of the higher 
temperature. 

Of the 20 stolon-lesion isolates tested, all except 3 had an optimum tem- 
perature at 25° C. The potato-stolon-lesion isolates P-151, P-162, and 
P-174 had an optimum at 30° C. It is known* that P-162 causes dry-rot 
canker of sugar beets, and the dry-rot-canker isolates that have been tested 
have all had an optimum at 30° C. Preliminary inoculations indicate that 
isolates P-151 and P-174 probably are dry-rot-canker isolates, also, since 
Studies on dry-rot canker of sugar beets. PKytopath. 29 : 793-800. 



1941] LeClerg: Rhizoctonia solani on Beet and Potato 277 

they produced spotting of older sugar-beet roots typical of the early develop- 
ment of dry-rot canker. 

Nineteen of the 20 stem-lesion isolates had optima at 25° C. and one at 
20°. Of the sclerotial group, all except one grew best at 25° C. This one 
(P-30) grew equally well at 20° and 25° C. 

Thus it appears that the stem-lesion and sclerotial isolates from potatoes 
all had an optimum at 25° C. or below, whereas 30° C. was optimum for 19 
of the 20 sugar-beet isolates. Likewise, the potato stolon-lesion isolates, 
which do not cause dry-rot canker of sugar beets, have an optimum tempera- 
ture for growth on artificial media at 25° C. 

Pathogenicity 

Damping-off experiments were made to determine the pathogenicity of 20 
isolates of each of the 4 groups, using sugar beets, beans, peas, and cabbage 
as hosts. Since all of the 80 isolates were tested on each host at different 
dates, no comparison can be made of the virulence of the groups with regard 
to the different hosts. 

Inoculum was produced on a substratum consisting of sterilized oats and 
wheat grains, mixed with steamed soil, and allowed to stand 3 or 4 days 
before the seed was planted. The control pots were treated in the same 
manner, except only steamed grains were mixed with the soil. Each test 
consisted of 5 replications and the pots were arranged as a randomized block. 
The combined data for the potato isolates obtained, respectively, from 
stolon-lesions, stem lesions, and sclerotia were analyzed by the analysis of 
variance. In making this statistical reduction of the data for emergence, 
expressed as percentages for each host, the data for sugar-beet isolates were 
not included with the other 3 groups, since they comprised so many zero 
percentages. It was obvious that the sugar-beet isolates as a group were 
more virulent than any of those from potato. 

The relative virulence of the isolates, as indicated by emergence, on the 

TABLE 4. — Reaction of seedlings of sugar-heets^ heans, peas, and cab’bage to sugar- 
beet isolates and to potato, stolon-lesion, stem-lesion, and sclerotial isolates of Bhwoctonia 
solani, as groups, in experiments made with steamed soil in the greenhouse. Bata 
analyzed according to source of isolates 


Groups 

of 

Number 

of 

Percentage emergence 

Infection 
of beans as 
estimated 

isolates 

isolates 

tested 

Sugar 

I beets 

1 

Beans 

Peas 

Cabbage j 

from sur- 
viving 
plants^ 

Sugar-beet 

20 

9 

27 

13 

28 

1.38 

Potato 







Stolon-lesion 

20 

.74 

1 84 

63 

69 

1.18 

Stem-lesion ... 

20 

1 ' ■ ■■ 82 

91 

70 

70 

0.86 

Sclerotial 

20 

82 

92 

80 

72 

0.74 

Eequired 







differ encea ... 


3 

3 

5 

5 



a For potato groups. 

b0 = no infection; 2.0 = severe infection. 
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4 hosts is given in table 4. It is apparent that the isolates of the sugar-beet 
group were markedly more aggressive than those of any of the 3 potato 
groups of isolates on all of the 4 hosts. The isolates from stolon lesions, as 
a group, reduced emergence of sugar beets, beans, and peas sigiiifieantly 
more than either the stem-lesion or sclerotial groups. Mo sigiiiiu^ant diifer- 
ences in such effects were found between the stem-lesion or sclerotial groups, 
except that the former was slightly more aggressive on peas. On cabbage 
the 3 potato groups were about equally virulent. 

After stand counts were made of the beans, the surviving plants wet'o 
pulled and classified as to degree of injury on the iindergroinul stem. From 
table 4, it appears that the sugar-beet and potato stolon-lesion isolates, as 
groups, were more virulent than the stem-lesion or sclerotial groii})s of 
potato isolates. 

SUMMARY 

Comparative studies of morphology, physiology, and pathogenicity were 
made of isolates of Bhizodonia solanij considered representative of the fol- 
lowing groups: isolates from sugar beets; and potato isolates obtained from 
stem lesions of older plants, stolon lesions, and from sclerotia on tubers. 

Pour isolates from potato stem lesions and 6 from sclerotia did not differ 
significantly in hyphal diameters. Nine of the 10 sugar-beet isolates studied 
were significantly smaller than any of the potato isolates. 

The sugar-beet isolates grew faster on potato-dextrose and high-nitrogen 
media than any of the 3 types of potato isolates. Of the potato isolates, 
those obtained from stolon lesions grew fastest, those from stem lesions 
next, and those from sclerotia slowest. 

From a study of the optimum temperature for radial growth on potato- 
dextrose agar of 20 isolates from each of the 4 groups, it was found that 
the mature-plant and sclerotial isolates from potatoes all had an optimum at 
25° C. or below, whereas 30° C. was optimum for 19 of the 20 Bugar-beet 
isolates. Likewise, those potato-stolon isolates that do not cause dry-rot 
canker of sugar beets have an optimum of 25° C. The stolon-lesion isolates 
capable of causing dry-rot canker of sugar-beets grew best at 30° C. 

Sugar-beet isolates, as a group, caused a higher percentage of damping- 
off of sugar beets, beans, peas, and cabbage than any of the 3 groups of potato 
isolates. Those obtained from potato-stolon lesions, as a group, rediieed 
stands of sugar beets and peas more than potato stem-lesion or sclerotial 
isolates. The isolates from potato-stem lesions and from sclerotia, as groups, 
did not differ significantly in their ability to cause damping-off of the hosts 
tested, although the former group of isolates was more aggressive on peas. 
On cabbage, the 3 types of potato isolates did not differ significantly in reduc- 
tion of emergence of cabbage. 

Department OP Horticultural Research, 

Louisiana State University, 

University, Louisiana. 



LONGEVITY OP SGLBROTIA OP THE STEM-EOT PUNGUS 
LEPTOSPHAERIA SALVINIP 

E. 0. TULLISANDE. M. CBALLBY2 
(Accepted for publication August 12, 1940) 

In a preliminaiy report by the writers^ on laboratory and field studies on 
the development and control of stem rot of rice caused by Leptosphaeria 
salvinii Catt. {8clerotiiim oryzae GbH.), it was stated that rotation seemed 
impracticable as a control measure, since the sclerotia of the fungus appar- 
ently were long-lived in the soil. In view of the limited information avail- 
able on this subject, experiments were started to obtain definite data on the 
longevity of the sclerotia. 

In October, 1933, experiments were started at the Eice Branch Experi- 
ment Station, Stuttgart, Arkansas, to determine the longevity of the scle- 
rotia under various field and laboratory conditions. Eight concrete forms, 
3 ft. square and 2 ft. high, open at top and bottom, were placed in the soil 
to a depth of 1 ft., and the soil tamped around the inner and outer edges. 
Kice straw, heavily infested with sclerotia, was then buried at a depth of 4 
to 6 in. in 7 of the 8 forms. In the 8th form the straw was put on top of the 
soil. Infested straw also was mixed with soil and sealed in i-gal. fruit jars, 
buried near the forms. The tops of 6 of the forms were covered with 200- 
mesh copper cloth on tight-fitting, wooden frames. This metal cloth pre- 
vented the soil inside the forms from being contaminated with sclerotia 
from external sources. Two of the forms were covered with solid tops, and 
composition roofing was used to make the tops water tight. Soil tempera- 
tures were recorded for 1938 and 1939 only. The average, mean, monthly 
soil temperatures in °F, were : for January, 43.1, February, 45.4, March, 
52.2, April, 60.9, May, 69.9, June, 78.5, July, 82.2, August, 82.0, September, 
71.9, October, 63.5, November, 48.6, and December, 43.1. The average 
yearly precipitation from 1933 to 1939 was about 50 in. Samples of soil 
were removed at yearly intervals from 1935 to 1939 and the sclerotia re- 
covered were surface-sterilized in mercuric chloride (1-1000) for 1 min., 
washed in sterile water, and then plated on corn-meal agar to determine 
whether they were viable. 

RESULTS 

The average percentage of viable sclerotia recovered is shown in table 1 
and represents viability tests on from 75 to 250 sclerotia recovered from 
each treatment. 

1 Eeseareli Paper No. 687, Journal Series, University of Arkansas, Fayetteville, 
Arkansas. Published with the approval of the Director of the Arkansas Agricultural 
Expeiiment Station. Cooperative investigations of the Division of Cereal Crops and Dis- 
eases and the Arkansas Agricultural Experiment Station. 

2 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture, and Assistant Plant Pathologist, Arkansas Agricultural 
Experiment Station. 

3 Tullis, E. C., and E. M, Cralley. Laboratory and field studies on the development and 
control of stem rot of rice. Ark. Agr. Exp. Stat. Bull. 295. 1933. 
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TABLE 1.- — J?eTceutQ>ge of 'vioJblc sdcTotia fecovefed ffom soil (irtificiolh/ infested 
with selerotia of the stem-rot fungus Leptosphaeria salmnii in 19S3 


Selerotia in inf ected straw 


Viable selerotia in 


Lot 

Ko. 

Treatment 

1 

1935 

1936 

1937' 

19;i8 193,9 


■ . ■ ■ . i 

per cent 

per cent 

per cent | 

\ percent 

}>er cent 

1 

Buried in soil, forms cov- 



0.0 

7.5 


4.7 

2 

ered with copper cloth 
do 

32.0 

29.0 

1.3 

4.6 

1 iKi) 

2.3 

3 

do 

35.0 

10.4 

0.5 

2.4 

5.9 

4 1 

do 

12.0 

0.0 

0.0 

O.Oa ■ 

O.Ou 

5 

do 

24.0 

1.3 

2.5 

5.5 

8.0 

6 

On surface of soil, forms 







covered with copper 
cloth 

5.0 

4.6 

22.0 

1.6 ' 

0.0 ' 

7 

Buried in soil, forms cov- 
ered with roofing 

8.0 

1.2 

0.0 

1 a.s 

j 0.0 

8 

do 

20.0 

5.3 

1.5 

1 ' 

1 3.6 

9 

Sealed in 2'quart fruit 







jars and buried in soil 

i 

25.0 

0.0b 

O.Ob 

0.0b ; 

I 0.0b 


a Copper do til broke, so no further samples were taken. 

Strong odor of acetic acid in jars. 

Prom 5 to 35 per cent of tlie selerotia plated were viable at tbe end of 2 
years, and, in 4 of the forms, a small number of viable selerotia were recov- 
ered at the end of the 6th year. In lots 1 and 7 viable selerotia were recov- 
ered in 1938 but not in 1937. No doubt viable selerotia would have been 
found in 1937 if a larger number of selerotia had been tested. 

The question as to whether the viable selerotia recovered in 1939 had 
been buried in the soil since 1933 cannot be definitely answered, because the 
formation of selerotia on organic matter in soil in Petri-dish cultures has 
been observed, and this process possibly may take place also in the soil under 
field conditions. In common field practice, rice stubble stands in the fields 
following the harvest. It may be 2 years before it rots, and the stubble 
crowns embedded in the soil may persist for even longer periods. There- 
fore, the fungus possibly may form new selerotia in parts of the plants 
below the soil surface for a period of 2 or more years. If, therefore, a large 
amount of straw bearing selerotia, or other organic matter, is turned under, 
it is obvious that the fungus may persist in the soil for much longer periods 
than has been commonly believed possible. Additional information on the 
longevity of selerotia in stubble and in soil under different environmental 
conditions, is presented in table 2. 

In these tests the selerotia from stubble in the field also remained viable 
for 2 years, and under less variable conditions in the laboratory for 29 but 
not for 39 months. Viable selerotia were recovered from soil uncultivated 
for 3 years. The results shown in table 2 are in general agreement with 
those of other investigators. Park and Bertus^ showed that the selerotia 

diseases of rice in Ceylon. II. Selerot-inm 
oryzae. Ann. Eoy. Bot. Card. Perademya 6: 355-356. [Tke Ceylon Jour. Sci., Sect. A.] 
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TABLE 2 . — StiuJies on the longevity of scleroUa of Letosphaeria salvinii under 
different environmental conditions 


Trefitment 

Sclerotia 

Tested 

Viable 


Nnmber 

Per cent 

Stubble in field 12 inonths 

irj 

25.0 

Stubble in field 25 inonths 

100 

3.0 

Stubble in laboratory 15 months 

50 

44.0 

Stubble in laboratory 29 months 

50 

4.0 

Stubble in laboratory 39 months 

50 

0.0 

Stubble in field 8 months and in laboratory 
19 months 

50 

40.0 

In soil in closed mason jars 36 months 

150 

0.0 

In soil out of cultivation 36 months 

200 1 

1.5 

In soil cultivated to dry-land crops for 36 
months 

95 

6.3 


remamed viable in air-dried rice soil for 6-| mo., in moist rice soil for 4-| mo., 
in water for 10^ mo., but not for 12-| mo., and under dry conditions in vitro 
for 17-| mo. Nisikado and Hirata*^ reported that the sclerotia remamed 
viable in an air-dry incubator for periods of 3 yr. at 20° C., 10 to 13 mo. at 
25° to 30° C,, and 4 mo. at 35° C. ; submerged in tap water at 5° C. for 3 yr., 
at 20° C. for 2 yr. and at 30° C. for 1 yr. 

CONCLUSIONS 

The rice stem-rot fungus, Leptosphasria salvinii^ can remain viable for 
at least 6 years in uncultivated rice soil. After 2 years viable sclerotia 
were recovered from stubble in the field and from stubble stored in the 
laboratory under less variable conditions after about 2| years. Eotation 
periods of 4 to 6 years apparently will not eliminate the disease. 

Beaumont, Texas, Substation 4, and University of Arkansas, 
Fayetteville, Ark. 

BPINASTY OP TOMATO, ONB OP THB BARLIBST SYMPTOMS OP 

PUSARIUMWILT 

Erederick L. Wellman 
(Accepted for publication September 20, 1940) 

The classic symptoms of typical tomato Pusariuni wilt (Fusarium 
btilhigenum var. lycopersici (Brushi) Wr. and R.) are: stunting, leaf yel- 
lowing, wilting, and withering, with darkened vascular system in stems and 
leaves starting at the base of the plant and progressing upwards until it 
dies. In connection with certain phases of Pusarium attack, the writer 
has studied some early symptoms of infection that are not usually men- 
tioned. It is believed that epinasty as one of the symptoms of this disease 
has never been reported and that it is of special interest. 

Observations made 3 times daily on large populations of healthy and 

"> Nisikado, Y., and K. Hirata. Studies on the longevity of sclerotia of certain fungi 
xmder controlled environmental factors. Ber. Ohara Inst. 7: 535-547. 1937. 







1 of tomato due to iufeetion by the wilt Funarium. A. Healthy 

plant. B. Symptoms 5 da,ys after inoculation: epinastie but turgid juvenile leaf; next 
.wat wilted, attached to epiaastic petiole; curvature of upper leaves due to eoinustv r 
Epma^ty in plant 3 days after in^culati:Jn ; no wilting. E, ^G. DeV'ees'of"-* pi/.a.t'; 
hLlthy H) juvenile 5 days after inoculation (compare with 

ease effect. The response is shown in characteristic fashion by cotyledonary, 
juvenile, and ordinary leaves and may cause slight inclination of the main 
stem. 

In certain seedlings a single lateral root was inoculated and infection 
and invasion were evidenced by leaf epinasty on one side of the plant. Pure 
cultures oi^Fusarium were repeatedly isolated from leaf traces leading 
to^ such epinastie leaves, while similar bits of vascular tissue connected 
with leaves of normal appearance on the same plants w^ere sterile. Epi- 
nasty may be easily overlooked since this deflection or droop may be 

A technique for studying host resistance and pathovenieitv in 
tomato OFusanum Wilt. Phytopath. 29: 945-956. 1939 F<iwiogeiiiciiy in 
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inoculated tomato plants, grown under previously described cGiitlitiGns.’ 
showed that epinastie response (Pig. 1) is a primary Pusarinm-imlnecd dis- 
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readily interpreted as first wilting. Cook^ mentioned that infected plants i 

have ''intensely dark green leaves flaccid and slightly drooping but not 
wilted.’' When tested by lifting with the finger, petioles of epinastic ^ 

leaves are turgid and held rather stiffly, and are oriented in a characteristic | 

downward-bent position. Petioles of healthy leaves are tnrgid but resilient | 

and more upright. ' Measurements were made of angles formed between ^ 

stem and the first mature-leaf petiole on 18 epinastic and 10 healthy plants. 

Angies on diseased plants varied between 67° and 136° from the vertical, 
and on healthy plants between 51° and 55°. Examples illustrating such 
angles are D, E, P, G, and H in figure 1. 

Notes were kept on the sequence of disease effects in several series of 
Bonny Best plants under standard conditions.^ The following course of 
symptoms taken from observations on one plant is about typical: 1st day, 
plant 5 in. high when inoculated, 5-leaf stage; 3rd day, cotyledons and :i 

juvenile leaf epinastic, plant otherwise normal; 4th day, cotyledons chlor- 
otic and dislodged, juvenile leaf yellowing, 2 leaves above juvenile showed 
epinasty, veins in base of plant darkened from infection, could be seen 
through cortex; 5th day, wilt of juvenile and next leaf above, chlorosis and [ 

epinasty of 3 remaining leaves and bud, plant 6 in. high, control 7i in., 
development of root knobs along stem up to the leaf above the juvenile ; 

7th day, all leaves wilted and remaining attached, stem upright but turgid, 
plant 6 in. high, veins dark to within short distance of terminal bud ; 9th 
day, leaves dead but still attached, watery softening of stem, all vascular 
system darkened, plant prostrate, stem 6 in. long with 5 leaves. Healthy 
plant on 9th day, 9 in. high, 8 leaves. 

Crocker and eoworkers^*^ have described epinasty and root stimulation 
on tomato due to chemical treatment. Locke, Riker, and Duggar® and Link, 

Wilcox, and Link^ observed epinasty and root initiation due to a bacterial 
infection (Phytomonas iumef miens). The writer has observed similar leaf 
and root effects caused by attacks of the fungus that produces tomato fu- 
sarium wdlt. In greenhouse material examined by the writer, root initials 
were found originating in the pericycle, causing subepidermal swellings in 
the vicinity of infected vascular bundles. Fisher® made first mention of 
such root initials as a tomato-wilt symptom. 

U. S. Horticultural Station, 

Beltsville, Maryland. 

2 Cook, W. S. Relation of nutrition of tomato to disposition to infectivity and viru- 
lence of Fusarmm lycopersici. Bot. G-az. 98 : 647-669. 1937. I 

3 Wellman, F. L. See footnote 1. 

4 Crocker, W., P. W. Zimmerman, and A. E. Hitchcock. Ethylene-induced epinasty 
of leaves and the relation of gravity to it. Boyce Thomp. Inst. 4: 177-218, 1932. 

5 Zimmerman. P. "W., W. Crocker, and A. E. Hitchcock. Initiation and stimulation 
of roots from exposure of plants to carbon monoxide gas. Boyce Thomp. Inst. 5: 1-17. 

1933. 

3 Locke, S. E., A. J. Riker, and B. M. Huggar. A growth hormone in the develop- 
ment of crown galL Phytopath. 27 : 134. 1937. 

7 Link, G. K. K., H. W. Wilcox, and A. UeS, Link, Responses of bean and tomato 
to Phytomonas tumefacienSf P. tumefaciens extracts, B-indoleaeetic acid, and wounding. 

Bot. Gaz. 98: 816-867. 1937. 

8 Fisher, P. L. Physiological studies on the pathogenicity of Fusarium lycopersici 
Sacc. for the tomato plant. Maryland Agr. Exp. Stat. Bull. 374. 1935. 


PHYTOPATHOLOGICAL NOTES 


A Technique for Identifying the Loose Smuts of Barley. — Loose sniiit in 
barley in the United States is caused by TJstilago nuda (Jens.) Kell, and Sw. 
or U. Tapke. Not infrequently, both occur in the same fields. The 

smutted heads and chlamydospores produced by the two smuts are so iiiiieli 
alike that positive identification by observation of these charaeters aioiie 
usually is difficult, A definite knowledge of the smut species at hand is 
necessary, however, if one is to make sound recommendations for control 
through seed treatment. U. nuda requires the difficult hot-water inetliod, 
which few growers care to use, while TJ. nigra is readily controllable by 
simple seed dusting with a chemical fungicide. A method of identification 
based on spore germination has been developed that gives quick and satis- 
factory results. 

Two to three cu. cm. of melted 2 per cent potato-dextrose agar are poured 
into a 50-min. Petri dish. While it is hardening, a sterile transfer needle is 
thoroughly prodded into and among the loose smut heads in the sample eind 
into the spore dust that usually accumulates on the bottom of the container. 
The needle is then dipped and shaken in about 2 cc. of sterile water in a test 
tube. This is repeated several times until a representative sample of spores 
has been put into the water and the latter shows a faint tint of yellow from 
the spores in suspension. After thorough shaking, the spore-suspension is 
poured over the surface of the medium in the Petri dish and allowed to stand 
a few moments until the spores settle to the agar. The water is then poured 
off and the base of the Petri dish is inverted and pressed down firmly on a 
clean blotter or paper towel to remove all free water. Moisture that may 
have collected on the inside of the cover of the Petri dish wiiile the agar was 
cooling also should be flamed away, and the cover replaced. With these pre- 
cautions the spores will stick in place on the agar and not float about in excess 
water when ready for observation. The spores should then be left to germi- 
nate at 65-70® P. for 12-18 hours. The cultures are then usually ready for 
examination. Under these conditions, the spores of TJstilago nuda germi- 
nate by producing only branching mycelial threads (Fig. 1, A), while the 
spores of TJ. nigra produce a short promycelium whence four lateral sporidia 
normally develop. The sporidia multiply rapidly by yeast-like budding 
(Pig. 1, B). When both TJ. nuda and TJ. nigra occur in the same collec- 
tion, then, obviously, both the mycelial and sporidial types of spore-germina- 
tion will take place (Fig. 1, C). It is evident from figure 1 that with this 
technique an excellent distribution of spores over the surface of the agar is 
obtained. It is thus possible to observe the behavior of each individual spore 
and to determine precisely whether the collection is TJ. nuda, TJ. nigra, or a 
mixture of these. 

The ot TJstilago mida are usually relatively short-lived. It is 

recommended that specimens held for later identification be stored immedi- 
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Fig. 1. A. Tlie myeelium-produeing spores of TJstilago nuda. E. The sporidia- 
producing spores of U. nigra. C. Spore germination in a mixed collection of 17. nuda 
and TJ. nigra, x 275. 

ately at 34-38° F. The duration of spore viability in both U. mida and 
U. nigra is appreciably prolonged at these temperatures. 

It may be noted in conclusion that spores of the barley covered smut 
{TJstilago hordei) may be readily distinguished from those of the two loose 
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smuts. The former are perfectly smooth, the latter echinulate.— Y. P. 
Tapke, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture. 

A Copper-soap Spray for Control of Tohacco Downy Mildew. — K home- 
made copper-soap spray has effectively controlled downy mildew or blue 
mold {Peronospora tahacina A&mi) of tobacco. This spray, called Flordo, 
is cheaply and easily made from cop|)er sulphate (CUSO 4 ) and soap, as 
described by Shippy.^ A spray consisting of 1 lb. C 11 SO 4 , and 5 lb. of soap 
to 50 gal. of water wms found by Clayton et aU to give excellent control in 
some instances, but was inconsistently effective. A spray made with CuSO* 
and potash soft soap was recommended by Mandelson^ for use in Queensland, 
Australia. 

Flordo is readily prepared by dissolving the copper sulphate and soap 
separately, each in half the required amount of water in barrels or drums, 
and dumping the copper sulphate solution into the soap solution. Other 
methods of mixing are described by Shippy. When properly made, the 
spray is free of sticky curd. If, however, a small amount of curd is formed, 
it may be removed by straining. The spray keeps for weeks, and any sedi- 
ment formed can be stirred back into suspension. During ordinary use, no 
serious corrosion of iron vessels, either galvanized or plain, has been noticed. 
The stability of Flordo is of particular advantage in spraying small beds, 
since enough spray can be made at one mixing to serve for several applica- 
tions or perhaps for the entire spraying season. 

The excellent wetting, spreading, and adhesive properties of Flordo make 
it very satisfactory for spraying tobacco. A visible coating of residue re- 
mains on the leaves for several days after application, even during rainy 
weather. 

The concentration of Flordo first used in experiments on tobacco had a 
metallic copper content approximately equal to that of a cuprous oxide-oil 
emulsion spray, containing 1 lb. of cuprous oxide (CU 2 O) per 100 gal., with 
which Flordo was compared. For the purpose, 3.5 lb. of CUSO 4 * 5 H 2 O and 
14 lb. of high grade oleate soap were used per 100 gal. Other concentrations 
tried were i and | of the above; for convenience these will be referred to as 
half -Flordo and quarter-Flordo, respectively. The proper ratio of soap to 
CUSO 4 varies somewliat with the type of soap and the hardness of the water. 

Flordo has been tried for control of downy mildew in Florida on flue- 
cured tobacco plant beds, cigar- wrapper tobacco plant beds, and cigar- wrap- 
per tobacco in the field. The plants were sprayed with Flordo about twice a 
week, in direct comparison with cuprous oxide-oil emulsion spray. 

1 SMppy, W. B. Flordo spray. Fla. Agr. Exp. Stat. Press Bulls. 504 (1937) and 

547 (1940). V 

2 Clayton, E. E., J. G. Gaines, T. B. Smith, W. M. Lunn, and K. J. Shaw. Control 
of the blue mold (downy mildew) disease of tobacco by spraying. TJ.S.D.A. Tech. Bull. 
650: 22 pp. 1938. 

sMandelson, L. F. Additional recommendations for the control of blue mold of 
tobacco. Queensland Agr. Jour., Dec., 1933. 
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Pull-strength Plordo was used on a flue-cured bed in Madison County 
in 1939, and the downy-mildew control obtained possibly was a little better 
than that with the cuprous oxide-oil emulsion spx-ay. A similar comparison 
was made with half -Plordo, in 1940, with equally good results. No injury 
to the plants, either in the plant bed or in the field, was observed. 

On cigar-wrapper beds in Gadsden County, in 1939, both full-strength 
Plordo and half-Plordo gave good control of downy mildew but caused eon- 



Fig. 2. Downy-mildew spots on a cigar-wrapper tobacco leaf. 
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siderable stunting of the plants.'^ Tests made in 1940 under conditions not 
very favorable to the disease indicated that quarter-Flordo with 1 per cent 
cottonseed oil may effectively control without stunting. 

Cigar-wrapper tobacco^ transplanted to the field April 10, 1940, was 
sprayed (Pig. 1) five times at 3-day intervals, beginning May 4 and ending 
May 16, using about 50 gal. of half-Plordo per acre per application. An out- 
break of downy mildew (Pig. 2) occurred from May 12 to May 14 on non- 
sprayed checks, while almost no signs of the disease appeared on the sprayed 
plants. Spray residue was noticeable on the leaves on May 25 after a rain 
of 1.14 inches, but not on May 30 after another rain of 1.64 inches. These 
observations indicate that cigar- wrapper tobacco in the field in Florida may 
be satisfactorily sprayed with Plordo for downy-mildew control until about 
mid-May, which covers the period when serious outbreaks of the disease 
generally occur. 

Possible explanations of the effectiveness of Plordo for downy-mildew con- 
trol on tobacco may lie (1) in a direct fungicidal action of the copper-soap 
coating on the leaves, and (2) in increasing the wettability of the leaves, 
which permits water to spread into a thin, quickly drying film on spi^ayed 
leaves, in contrast to the formation of nearly spherical, slowly drying drops 
on unsprayed leaves. This characteristic of sprayed leaves has been observed 
to reduce strikingly the period of time during which the leaves remain wet 
with rain or dew, and would logically reduce the chance for infection with 
downy mildew and possibly other leaf diseases.— Eandall R. Kincaid, North 
Florida Experiment Station, Quincy, Florida. 

4 Mandelson (loe. cii.) reported that too much soap tended to cause spray injary. 
The possibility of eliminating stunting of cigar-wrapper tobacco plants in Florida by 
reducing the amount of soap to a minimum has not yet been fully investigated. 






HAVEN METCALF 
(1875-1940) 

E P . M B I N E C K E 

Plant Pathology has suffered a heavy loss. Dr. Haven Metcalf found his 
death after years of great distress on May 23, 1940, at Washington, D. C. 

Haven Metcalf was born at 'Winthrop, Maine, on August 6, 1875, of old 
New England stock. His family, of sturdy English yeomanry, as he himself 
described it, established itself in this country in 1637. It looks back upon a 
distinguished history during which it furnished its large share to the learned 
professions from the days of the Colonies to the present day. The spirit of 
adventure drove his father, as a young man, to California in the early days of 
the gold rush, but not for long. He soon returned and finally settled on the 
Maine farm which became the home of young Haven. At Winthrop, Metcalf 
received his first schooling. After passing through high school he went to 
Colby College from 1892 to 1894 and then shifted to Brown, where he received 
the degrees of A.B. in 1896 and A.M. in 1897. Metcalf continued his studies 
at Harvard in 1899, at Indiana in 1900, and finally at Nebraska, where he 
received the degree of Ph.D. in 1903. 

His first experience with teaching came to him at Brown, where he taught * 

botany as an instructor from 1896 to 1899. Prom 1899 to 1901 he was pro- * 

f essor of biology at Tabor College. At Nebraska he was an instructor in bac- i 

teriology from 1901 to 1902. In 1902 he accepted his first important position 
as associate professor in botany and bacteriology at Clemson Agricultural 
College, S. C., and State Botanist of South Carolina, both of which positions j 

he held until 1906. During this period he lectured at Martha Vineyard j 

Summer Institute from 1896 to 1899 and at the South Carolina State Summer ' 

School from 1903 to 1905. In 1904 and 1905 he was Special Agent in the 
U. S. Department of Agriculture. The year 1906 brought the decisive turn- 
ing point in his career when he was appointed to the position of Pathologist 
in the Bureau of Plant Industry in the Department of Agriculture. In 
1907 he organized and became Pathologist in charge of the Laboratory of 
Forest Pathology of that Bureau. This position was followed in 1924 by 
that of Senior Pathologist in charge. Office of Forest Pathology, and, in 
1928, by that of Principal Pathologist in charge of the Division of Forest 
Pathology of which he was the head until his death. 

Two events that had a strong influence upon his development occurred 
during this period. In 1908 he visited Italy and in 1923 he represented 
the United States Government at the International Conference on Phyto- 
pathology in Holland. In the United States, recognition came to him in 
many forms. He was a member of Sigma Xi, Phi Beta Kappa, and Delta 
Upsilon. In 1913 he served as Vice President and in 1914 as President of the 
American Phytopathological Society and from 1911 to 1913 as an associate 
editor of Phytopathology. The Botanical Society of Washington elected 
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him President in 1919. In the years 1925 and 1926 he was President of 
the National Shade Tree Conference. He held memberships in the Ameri- 
can Association for the Advancement of Science (fellow), the American 
Botanical Society/ the American Phytopathological Society (life member), 
the Botanical Society of Washington, the National Shade Tree Conference, 
the New England Botanical Club, the Society of American Bacteriologists, 
the Society of American Foresters, the Eoyal Scottish Arboricultiiral So- 
ciety, the Washington Academy of Sciences, and the Washington Biological 
Society. 

On the whole, Haven Metcalf’s life was not an easy one. Ill health fol- 
lowed him throughout its course, though in middle age he enjoyed a modi- 
cum of well-being and even robustness. In the diary of the old family 
physician he found an entrance of his birth with the remark : ^ ^ Child will 
not live.” All through his younger days he was handicapped by ill health 
and financial troubles. His childhood was a lonely one. The last child and 
the only boy in the family, he was separated by ten years from the young- 
est sister. Few of his early aspirations and interests found nourishment 
in the soil of New England farm life, though sympathy and understanding 
for the gifts of the boy were not lacking. His early leanings were toward 
medicine, a profession for which he would have been eminently fitted. 
That his family could not afford to let him follow this dream threw a 
shadow over his young life. After high school he left the farm and threw 
himself with all his energy into the world of learning where he felt more 
at home. The quiet and intimate atmosphere of the small college he 
attended infiuenced him profoundly. It was here where he acquired a 
fund of factual knowledge and received the training in disciplined thought 
that so marked his later life. His years at Brown, beginning with pre- 
medical courses, gave him the final orientation towards botany, bacteriology 
and mycology. Towards the end of his days at Brown he married Flora 
May Holt, with whom he had studied at Colby and Brown. Herself a 
highly gifted woman of old New England ancestry, she shared with him his 
deep and keen interests in music, art and literature. Her tragic death, 
after thirty-six years of the happiest married life, threw dark shadows over 
his last years. 

It was at the University of Nebraska where Haven Metcalf came under 
the influence of Professor Charles E. Bessey, that excellent botanist and 
remarkable educator. The imprint of Bessey ’s outstanding personality re- 
mained with him throughout his life. Under Bessey ’s wise and firm 
guidance, Haven Metcalf acquired that scientific integrity and honesty 
with himself which became so prominent a feature of his character and 
which he equally and uncompromisingly demanded of others. Metcalf’s 
first appointment to a responsible position at Clemson College not only gave 
him further experience in teaching but it introduced him to the South, to 
Southern life and attitude towards life. It fascinated him, and throughout 
later years he would speak of those years with deep xinderstanding and a 
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certain nostalgia. During this time he had his first contacts with the Fed- 
eral Government, which finally led to his appointment in the Bureau of 
Plant Industry and the definite establishment in his life work. 

At that time the field of forest pathology was not represented at ‘Wash- 
ington. Forest-tree diseases had been a subject of study at the short-lived 
Mississippi Valley Laboratory, (U. S. Department of Agriculture) located 
at the Missouri Botanical Garden, St. Louis, Mo., where Dr. Hermann von 
Schrenk, Dr. George G. Hedgcoek, and Dr. Perley Spaulding had done 
valuable pioneer work for several years. To Haven Metcalf, then entering 
his thirties, the transfer to W'ashington with its promise of close contacts 
wath a number of distinguished scholars and its opportunities for creative 
work on a large scale was the first step into a new and wide world. But it 
cannot be denied that the general attitude towards forest pathology as a 
new and vital discipline was by no means propitious. In 1906 phytopathol- 
ogy, as a whole, still had to fight for its existence, in spite of the brilliant 
achievements it had to its credit. "Where it obviously could show imme- 
diate practical results, as in the study and control of short-rotation crops, 
it was tolerated as a legitimate if not quite respectable offshoot of mycology, 
itself not always regarded as genuinely botanical in nature. Farlow and 
Thaxter had raised American mycology to the first rank in international 
science. Neither of the two had any interest in applied mycology. 
Furthermore, the application of plant pathology to crops, which did not 
mature for many decades or for centuries, seemed a futile undertaking; 
and, even in high places, the opinion was widely spread that the study of 
forest-tree diseases had more of an academic than of a practical character. 
Eobert Hartig, the creator of modern forest pathology, had the same experi- 
ence. At the time when he published his classical studies on the diseases 
of the forest, mycology stood at the zenith of its development in Europe. 
General plant pathology was hard put to it to establish itself as a legiti- 
mate branch of learning. The pathology of the forest tree was still a neg- 
lected field. For his concept of the pathology of the forest community as 
a whole Eobert Hartig found little understanding, even among professional 
foresters, until later in life. 

When Haven Metcalf was put in charge of investigations in forest 
pathology Eobert Hartig ’s wmrk was none too well known in the United 
States outside of its mycologieal aspects. Haven Metcalf early recognized 
the great practical possibilities of systematic research in a field as rich as 
ours. Here were immense virgin forests, wild and uncared for, represent- 
ing huge potential wealth so long as the loss caused by decay and parasitic 
fungi could be held in reasonable check. With his characteristic energy 
and planning ability, Metcalf went to work. From small beginnings he 
built up an efificiently working organization, which at no time became top- 
heavy. He never yielded to the temptation to seek expansion for expan- 
sion’s sake. 

Almost at once he was confronted with a problem of the first magnitude. 
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Wiien the chestnut blight first made its appearance in the United States, 
few men realized its extremely serious nature. Leading mycologists and 
pathologists were inclined to consider the causative fungus as native to this 
country. Unfavorable weather conditions had, so it was thought, given the 
fungus a temporary advantage over the weakened trees. A change in 
weather conditions to the better would soon restore the balance. The diag- 
nosis was further complicated by the fact that the fungus consistently 
found in connection with the chestnut blight was so closely related to a 
harmless native fungus on chestnut that the two could only with difficulty 
be distinguished from each other. Furthermore, in all the epidemiological 
experience of the times, there was no precedent that could serve for a 
rational approach to the problem of dealing with the new and ominous 
disease. 

Haven Metcalf was convinced that the fungus must have been intro- 
duced from foreign countries, most probably from eastern Asia. The care- 
ful work of C. L. Shear and his collaborators finally established the correct- 
ness of this view ; but by the time it was universally accepted, the disease 
had made such devastating progress that a program of control had but 
little chance of success. Metcalf devoted not less than 19 publications to 
the chestnut blight. He fought a hard fight against the apathy of profes- 
sional mycologists and pathologists and against that of the general public 
which could not realize that such a thing as a fungus could actually destroy 
its fine old chestnut stands. There existed no machinery ready to go into 
action. No funds were available except for a more or less academic study 
of the disease. When the rapid and disastrous spread of the blight made 
it clear that the American chestnuts were doomed to extinction Metcalf 
devoted himself to a vast project of attempting to replace them, at least 
in part, with carefully selected immune or resistant species from Eastern 
Asia. 

From the early years of his concern with the chestnut blight dates one 
of Haven Metcalf’s most fruitful contributions to plant pathology. He 
was among the first to recognize and to stress the need for a well-planned 
and strictly enforced system of quarantines applied to the movement of tree 
nursery stock within the country and from foreign countries into the 
United States. The Federal Government was pow^erless to act within the 
States, and public indifference prevented that quick and sustained action, 
which was so urgently needed. Metcalf never gave up the fight against 
what he termed ' ^free trade in plant diseases and insect pests. ” 

How sound his reasoning was became evident when a few years later a 
second disaster struck the American forests. The five-needle pines, the 
valuable white pine of the East and later the related species of the Far West 
were attacked by the white pine blister rust. The disease had been im- 
ported on nursery stock from Germany and France. Had there existed an 
effective quarantine service by the beginning of the century, the country 
would in all probability have been spared not only incalculable loss but also 
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the ever recurrent cost of control. The experience gained in the chestnut 
blight campaign stood Metcalf in good stead when the blister rust began to 
make heavy inroads in the forests. Both the strategy and the tactics of the 
fight against the disease testify to his clear thinking and his talent for 
organization. What has been accomplished under his guidance stands for- 
ever to his credit. The same qualities showed themselves again in his 
handling of the larch canker, a confusing canker of Douglas fir, and the 
Dutch elm disease. No matter what the problem, he would invariably 
bring to it intellectual honesty, clean research, and a sense of the realities. 
In earlier years he was much interested in rice diseases. From Italy, where 
he had gone to continue his research in this field, he brought back a variety 
which is widely cultivated in the Sacramento Valley in California under 
the name of Colusa rice. This practical sense accounts for his strong inter- 
est in the protection of shade trees from disease. In the last decades, a 
large industry has sprung up which concerns itself with the care of shade 
and ornamental trees. His restraining influence, flowing from his insis- 
tence upon rigid research, has done much to prevent the new. branch of so- 
called tree surgery and tree medication from falling into disrepute. 

Forest pathology was infinitely more to him than a detached and aca- 
demic study of a disease complex. That in every case the immediate and 
remote causes must be investigated systematically and in detail was self- 
understood. But never did he lose sight of the fact that etiological knowl- 
edge alone is of little help unless it is paired with a clear understanding of 
tree physiology and of the ecological factors that govern the life of the 
forest community. To him a disease represented an additional ecological 
element in the forest. Beyond the effect on the individual tree he visual- 
ized its bearing on the present and future development of the forest, and he 
was among the first in the United States who realized that forest pathology 
in the Hartigian sense must ever go hand in hand with silviculture, which 
is the practical application of tree physiology and forest ecology. 

With the years Haven Metcalf grew to a figure of real stature. One 
could not meet him without sensing his inner strength. Independence of 
thought, breadth of outlook and a highly developed faculty of diagnosis, 
probing clown through the surf ace to the essential kernel of a problem, were 
his strongest characteristics. 

Personally he had great charm. A man of poise, courteous and 
friendly, a master of concise and finely chiselled language, he was an out- 
standing figure in any group of men. His deep interest in art, in music, 
in philosophy and literature, coupled with striking originality of thought 
and expression, made his conversation an experience to be remember ed. 
With his wisdom and inborn kindliness, he had an extraordinary influence 
on younger men whom he was ever ready to help in word and, just as often, 
in deed. Severe with himself, he was intolerant of pompous mediocrity 
and equally intolerant of shallowness and undisciplined thinking. But he 
was quick to recognize promise and worth in others, and once he had given 
his sympathy he held to it with unswerving loyalty. 
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It was an honor to hold his respect. It was a greater honor to have his 
friendship. 
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EXPEEIMBNTS WITH ERADICANT FUNGICIDES FOR 
COMBATING APPLE SCAB" 


Gr . W * K E I T T , C . N . Clayton, and M . H . L a n g f o e d 
(Accepted for publication August 10, 1940) 

INTRODUCTION 

Spraying* or dusting* with protectant fungicides has long been the domi- 
nant measure of control for most fungus diseases of orchard fruit plants. 
For some years the senior writer and associates have studied potentialities 
of increased application of the principle of eradication to the control of 
certain types of these diseases by means of direct chemical attack on the 
pathogen at a vulnerable stage in its life history. The point of view and 
the earlier progress of this work have been reported (2, 7, 9) and pertinent 
literature has been reviewed (7). The research here presented relates to 
later experiments on apple scab, concerning which preliminary reports have 
been made (3, 4, 5).^ 

Under the conditions encountered in Wisconsin the only practically 
important overwintering of the apple-scab pathogen occurs in the fallen 
leaves, whence comes the ascosporic inoculum that, in the spring, initiates 
the current season’s infection (6). Attack with eradicant fungicides has, 
therefore, been directed at two potentially vulnerable stages: (a) after 
harvest and before many leaves have fallen, when the foliage can be thor- 
oughly covered by comparatively drastic sprays designed sharply to limit 
the production of ascospores; and (b) after leaf-fall, in fall or spring, when 
still more drastic chemical treatments can be given the dead leaves on the 
ground without injurious effects on the tree. 

ERADICANT FUNGICIDAL TREATMENT OP LEAVES ON THE TREE 

The experiments on fall spraying are a continuation of those loreviously 
reported (7). By use of the materials and methods developed during these 
earlier studies it was sought to gain further evidence concerning the effects 
of eradicant spraying on the epidemiology and control of the disease. 

Materials and Methods 

Copper sulphate, — -Technical copper sulphate crystals. 

A proprietary product containing 19.4 per cent of the 
sodium salt of dinitro-o-cresol, with a penetrating agent. 

Elgetol Extra. — A. proprietary product containing 13.4 per cent of the 

t Publisbea witli the approval of the Director of the ‘Wisconsin Agricultural Experi- 
ment Station. 

This work was supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

Acknowledgments are made to Mr. Donald M. Coe, formerly assistant in plant 
pathology, for help in performing the experiments. 

2 This work was reported at the Conference on Eradicant Fungicides at the annual 
meeting of The American Phytopathologieal Society, Columbus, Ohio, Dec. 29, 1939. 
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sodium S8/lt of diiiitro-o-crcsolj with, e pGuotrEting EgGnt (in greater 
amount than in Elgetol). 

Fish oiL— Cold-pressed menhaden fish oil. 

Lime. — Commercial hydrated spray lime containing not less than 99 
per cent of Ca(OH)2. 

Moyiocaleium arsenite . — A finely ground commercial product contain- 
ing approximately 74 per cent total arsenic and 23 per cent water-soluble 
arsenic (each expressed as AS2O3). 

Zinc arsenite. A. finely ground commercial product containing ap- 
proximately 41 per cent total arsenic and not more than .5 per cent water- 
soluble arsenic (each expressed as AS2O3). 

Experimental Orchards and Treatments.— A diagram of the two ex- 
perimental orchards appears in figure 1. Orchard 1, set in 1930, received 
the fall sprays. Orchard 2, set in 1931, was nontreated, except that the 
Yellow Transparent block was given the same treatment as orchard 1 in 
order to increase the distance between that orchard and the source of 
ascosporie inoculum in the nonsprayed orchard. Orchard 1 was 300 ft. 
from the nearest nonsprayed portion of orchard 2. 



— »0 FEET<- 
APPLE 
NURSERY 


Fig. 1. Map of experimental orchards used in studies of the effects of eradicant 
spraj treatments on the development of apple scab, Madison, Wis., 1936-39. 

On Oct. 6, 1936, and Oct. 7, 1937, and 1938, all of orchard 1 was sprayed 
by means of a power sprayer, the formula used being copper sulphate, 8 lb., 
monoealeium arsenite, 2 lb., zinc arsenite, 6 lb., fish oil, 3 qt., and water to 
make 100 gal. Orchard 2 was nonsprayed, except the Yellow Transparent 
block, which was given the same treatment as orchard 1. 

In 1938, ascosporie inoculum from a young apple nursery (Fig. 1) 
located 120 ft. southeast of orchard 1 blew into the treated orchard, and 
is thought to have accounted for over half of the infection in this orchard. 
On April 25-26, 1939, the overwintered leaves on the ground in the nursery 
and a zone around it were treated with .5 per cent Elgetol Extra to limit the 
ascosporie inoculum. All leaves were thoroughly wet by the spray. 

Epidemiological Eecords 

During the years under consideration, climatic conditions were gen- 
erally favorable for the production of perithecia. Graphic summaries of 
pertinent epidemiological data are given in figures 2, 3, and 4. 

In 1937, ascospores were ready for discharge by Apr. 29 (Pig. 2). Scab 
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Fig. 4. Summary of certain records pertaining to tlie development of ax^iile scab on Wealtliy in relation to eradicant spraying^ 
Madison. Wis., 1939. 
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lesions were first observed May 21. The season was imnsually dry and scab 
development was sparse. 

In 1938, aseospores matured unusually early, being ready for discharge 
by March 28. The first infection occurred Apr. 23-25 (Fig. 3). The rainy 
period of May 15-19 was very favorable for infection. Eains were frequent 
throughout the season and a severe scab epidemic developed. 

In 1939, aseospores were ready for discharge by Apr. 22. The first 
infection occurred during the rains of May 7-8 (Pig. 4). The first lesions 
were observed May 21. Wealthy was in full bloom on May 11. The season 
was dry, especially in the latter half, and not conducive to severe scab 
development. 

Experimental Eesults 

By a method previously described (7) counts were made of the peritheeia 
on 100 leaves collected at random from each, the treated and the nontreated, 
orchard. The data are shown in table 1. While it is possible that other 
factors than the spray treatment may have played some part in the differ- 
ences shown, these results indicate a reduction in incidence of peritheeia 
hj the spray in the 3 years in the range of 97 to 100 per cent. 

The development of scab until about 2 weeks after petal-fall was followed 
each year on Wealthy in both the treated and the nontreated orchard by 
counting at 2- to 4-day intervals the number of lesions on the leaves of 50 
spurs taken at random (Table 1 ). The spur leaves are the earliest exposed, 
and, being determinately borne, are expanded and become resistant early 
in the season. The scab reported on these leaves (Table 1) is thought to 
have resulted from ascosporic infection. The indicated percentage reduc- 
tion in incidence of lesions on these leaves in the treated orchard as compared 
with the nontreated in the data of the 3 years ranged from 96 to 100, being 
in very nearly direct relation to the indicated percentage reduction in peri- 
thecia, which ranged from 97 to 100 . 

Beginning about 10 days after petal fall, when the spur leaves were 
becoming resistant, the seasonal development of the disease on the foliage 
was further followed on 20 tagged terminal shoots on as many trees in each 
orchard. In tagging the shoots equal representation was given to the north, 
south, east, and west sides of the trees. The number of leaves on each shoot 
and the lesions on these leaves were counted at 3-day intervals. The results 
are shown in figures 2, 3, and 4. 

The foregoing data were supplemented and checked by large-scale counts 
on random samples of leaves and fruits. At intervals during each season 
counts were made of the number of leaves on 100 terminal shoots, 10 to 12 
in. long and bearing 13 to 16 leaves each, taken at random in each orchard, 
and counts were also taken of scab lesions on these leaves. The results 
accord well with those obtained by the other methods of sampling (Table 1). 
On June 19, 1937, the indicated reduction in the incidence of scab lesions 
on the leaves of terminal shoots in the sprayed orchard was 91 per cent. 


TABLE I —Meets of a fall application of an eradicant fungicide on the incidence 
of perUhecta of VeLria iLeaualisand the development of scat> m the follo^omg season, 
Wealthy variety ^ Madison j Wis.^ 19S6‘-'1929 


Date 


Counts made of^ 


1937 
May 20 

May 25 
May 27 
May 29 
May 31 
J line 4 
June 6 
June 18 
Sept. 15 
June 19 
July 13 
July 28 
Aug. 26 

1938 
May 6 

May 14 
May 17 
May 20 
May 23 
May 26 
May 29 
June 1 
June 4 
June 16 
June 28 
June 4 
June 16 
June 28 
July 11 
July 23 
Aug. 4 
Aug. 17 
Aug. 30 

1939 
May 19 

May 19 
May 22 
May 25 
May 28 
May 31 
June 3 
June 6 
May 29 
June 12 
June 26 
May 29 
June 12 
June 26 
July 10 
Aug. 1 
Sept. 1 


Peritliecia in overwintered leaves (100- 
100) b - 

Lesions on leaves of sj)urs (50-50) 

do 

do 

do 

do 

do 

Lesions on leaves of terminals (100-100) 
do 

Lesions on fruits (200-200) 

do 

do 

Lcvsions on fruits (1000-1000) 

Peritliecia in overwintered leaves (100- 

100) b 

Lesions on leaves of spurs (50-50) 

do 

do 

do 

do 

do 

do 

Lesions on leaves of terminals (100-100) 
do 
do 

Lesions on fruits (300-300) 

do 
do 
do 
do 
do 
do 

do (600-500) 


Av. lesions per 
spur, terminal 
leaf, or fruit 
in nonsp rayed 
orchard 


Indicated 
reduction in 
incidence of 
peritlK'cia.. or 
lesions by the 
s])ray 


Peritheeia in overwintered leaves (100- 

100) b 

Lesions on leaves of spurs (50-50) 

do 

do 

do 

do 

do 

do 

Lesions on leaves of terminals (100-100) 
do 
do 

Lesions on fruits (1200-300) 

do 

do 

do 

do 

do (2000-1000) 


Number 


0.0 

0.1 

0.3 

0.5 

0.6 

0.7 

0.3 

10.7 

0.2 

0.4 

0.3 

0.3 


0.0 

0.2 

0.3 

0.4 

0.6 

0.9 

1.0 

3.2 

11.3 
16.5 

1.8 

3.3 
4.9 
6.7 
7.5 

12.4 

12.5 

15.5 


0.0 

0.3 

0.6 

2.1 

3.0 

4.1 

4.3 
0.5 
3.7 

12.9 

0.2 

2.4 

4.2 
4.6 

5.2 

3.3 


Percent 


100 

100 

100 

100 

97 

91 

96 

100 

84 

85 
96 


100 


100 

100 

96 

97 
96 
96 

96 
85 
80 c 

97 
91 

87 

88 

91 

92 
92 
91 


98 


100 

100 

99 

99 

99 

99 

99 

97 
96 

100 

99 

98 
98 
98 
98 


The first number in parentheses refers in each case to the units examined from the 
sprayed orchard, the second to those from the nonsprayed. For spray treatment see text. 

b The average numbers of peritheeia per sq. in. of surface of nontreated leaves 
examined were: 1936-37, 2.5; 1937-38, 15.8; 1938-39, 25.5. Counts of the peritheeia 
were taken on 100 leaves collected at random from each, the nontreated and the treated, 
orchard. 

e Ascospores, blown in from a nearby nursery and the nontreated orchard, are thought 
to have accounted for a large part of the scab in the nonsprayed orchard in 1938 (see 
text). 
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Througli most of June it ranged from 96 to 80 per cent in 1938 and 99 to 96 
per cent in 1939. It is noteworthy that scab development was very sparse 
in 1937, severe in 1938, and moderate in 1939. Except in 1937, comparative 
counts of leaf lesions could not be made satisfactorily after late June, be- 
cause the lesions on the more severely diseased leaves became confluent. 

Counts of the number of scab lesions on 200 to 2,000 fruits taken at 
random in each, the sprayed and the nonsprayed orchard, were made at 
intervals from early June to late August. The data, which are shown in 
table 1, indicate that the eradicant spray treatment reduced the incidence 
of scab lesions on the sprayed fruits on the several dates by 100 to 84 per 
cent in 1937, 97 to 87 per cent in 1938, and 100 to 98 per cent in 1939 in 
comparison with that on the nonsprayed fruits. The dropping of badly 
scabbed fruits accounts in large measure for the minor irregular fluctuations 
of the data. 

TABLE Z.—JUffect of a fall application, of an eradicant fungicide on the control of 
apple seal) on Wealthy fruity Madison, Wis., 1936-1939^ ^ 


treatment 


"F’T'nif Q 

Scabbed fruits^^ 

Average 

-n X UJLbiS 

exam- 

ined 

SHgbt 

Com- 

mer- 

cial 

Bad 

Total 

lesions 

per 

fruit 

Num- 

Per 

Per 

Per 

Per 

Num- 

ber 

cent 

cent 

cent 

cent 

ber 

1000 

4 

3 

2 

8.0 

0.3 

1000 

0 

0 

0 

0.5 

0.0 

600 

9 

12 

71 

92.0 

15.5 

500 

13 

7 

9 

29.0 

1.3 

1000 

31 

17 

18 

66.0 

3.3 

2000 

3 

1 

0 

4.0 

0.1 


Indicated 
reduction 
in inci- 
dence of 
lesions 
by the 
spray 


Orchard 1, sprayed 

1938 

Orchard 2, nonspray 
Orchard 1, sprayed 

1939 

Orchard 2, nonspray 
Orchard 1, sprayed 


treatment seeText: 

bThe scabbed fruits were classed as “slight” (1 to several small spots) - “com- 
mercial” (worse than “sUght,” but marketable); and “bad” (not maWable) A 
more detailed account of these classes has been published (6). 

See footnote e, table 1. 

At harvest, records were made of the occurrence of scab on 500 to 2,000 
fruits taken at random in each, the nonsprayed and the sprayed, orchard. 
The data (Table 2), indicate that the spray reduced the incidence of scab 
lesions on the Wealthy fruits at harvest by 96, 91, and 98 per cent, respec- 
tively, in 1937, 1938, and 1939. 

In a previous paper (7) it was shown that ascospores blown from the 
nontreated to the treated orchard contributed substantially to the develop- 
ment of scab in the treated, this effect diminishing rapidly with increased 
distance. Accordingly, data in the sprayed orchard were taken separately 
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ill the 4 100-ft. distance classes, successively more remote from the iion- 
sprayed orchard. In 1938, it was noted in the earliei counts that ^aiiatioii 
in the incidence of scab in the distance classes showed the reverse of the 
expected trend. Examination of a young apple nursery (Pig. 1) that had 
recently been established nearby showed that the overwintered leaves bore 
abundant perithecia of the scab fungus. The effect of inoculum blown 
into the sprayed orchard from this source is shown by the data in table 3. 


TABLE 3. — Incidence of seal) lesions in the treated orchard in relation to distance 
from an extraneous source of ascosporic inoculum in the nearhy apple nursery (JBig, X)* 
{Data talcen on Wealthy fruit on August SO, 1938.) 


Distance class 

Emits 

examined 

Average lesions 
per fruit 

Indicated reduc- 
tion in inci- 
dence of lesions 

Feet from nursery 

Number 

Number 

Fer cent 

100-200 

102 

5.1 ' * 

Oa 

200-300 

372 

2.9 

43 

300-400 

500 

2.2 

57 

400-500 

500 

1.3 

75 


a The average number of lesions per fruit in this distance class is used as the basis 
for computing percentage reduction. 


The development of scab in the sprayed orchard in 1938 was, therefore, in- 
fluenced by ascospores blown in at different times from this nursery and 
from the nonsprayed orchard. Since the dominant influence came from 
the nursery, the data shown in flgure 3 and tables 1 and 2 from the sprayed 
orchard in 1938 were taken from the distance class farthest from this 
extraneous source of inoculum. It is noteworthy that, when an eradicant 
ground spray was applied in the nursery in the spring of 1939, The influence 
from the nursery on the development of scab in the treated orchard was 
eliminated, and the indicated reduction of scab in this orchard by the treat- 
ment corresponded very closely to the indicated reduction in incidence of 
perithecia. 

Eecords were taken each summer on the percentage of dead lateral and 
terminal buds on the sprayed and the nonsprayed trees. No significant 
injury attributable to the spray was observed on Wealthy. Some injury 
to both lateral and terminal buds was observed on Northwestern Greening 
and McIntosh. No conclusions are drawn with reference to whether the fall 
spray treatment employed in this experiment is safe enough for use in com- 
mercial orchards. The facts that some bud injury occurred on Northwestern 
and McIntosh trees and that injury from such treatments may vary with 
the variety used and the conditions encountered lead us to withhold recom- 
mendations relating to this type of fall spraying, pending further studies. 
The encouraging results from ground spray treatments reported in a later 
section of this paper and the fact that the spray injury problem may be 
largely avoided by treating the dead leaves on the ground have led to in- 
creased emphasis on that aspect of the work. 
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The 3 years’ data presented herein agree with those from the same 
oichaids in the two preceding years (7) in showing that drastic suppression 
of perithecia of Ventuna maequahs by a fall application of eradicant fungi- 
cide resulted in drastic reduction in the occurrence of scab in the ensuing 
season. It has been pointed out above that the data on incidence of scab 
lesions on the leaves of fruit spurs (Table 1) furnish an excellent index of 
ascosporic infection, and that the indicated reduction in incidence of lesions 
on these leaves irr the treated orchard, as compared with the nontreated, 
is in approximately direct relatiorr to the corresponding reduction in peri- 
thecia. This correspondence, however, was not confined to ascosporic 
infection. It held to a remarkable degree, though not quite so closely, 
throughout the season for general leaf and fruit infection. The data takerr 
at harvest (Table 2), for example, show the following percentage reductions 
in rrumber of lesions per fruit for the treated orchard, as compared with 
the nontreated: 1936-37, 96; 1937-38, 91; and 1938-39, 98. It should be 
remembered that in 1938 ascospores, blown in from the nontreated nursery, 
played an important part in the development of scab in the treated orchard. 

Attention is invited to the fact that it was not the objective of these 
experiments to attain control of scab by an eradicant treatment alone. 
Summer spraying was omitted in order to facilitate evaluation of the effects 
of eradicant spraying on the epidemiology and control of the disease. The 
high degree of control that resulted from the eradicant treatments gives 
much encouragement for their further development. However, it should 
not be assumed that this degree of control can be obtained by similar eradi- 
eant treatments on every variety or under aU seasonal conditions. The 
Wealthy variety, which was available for these experiments, is only moder- 
ately susceptible to scab, and its fruit attains a fairly high degree of resis- 
tance in the latter part of the season. With the more susceptible later 
varieties, such as McIntosh, experience has shovm that, without summer 
spraying, scab may build up from a very small early-season infection to a 
severe epidemic, if weather conditions are very favorable. Furthermore, 
while some very favorable conditions for scab development have been encoun- 
tered in the work that has been reported, still more favorable conditions may 
occur. The evidence that has been presented, however, shows conclusively 
that reductions in the ascosporic inoculum to the levels reached in these 
experiments greatly retard and reduce development of the epidemic. 

EBADIOANT FUNGICIDAL TREATMENT OF LEAVES ON THE GROUND 

In situations in which the overwintering of the scab fungus depends 
wholly or dominantly on production of the perithecia! stage, as is the case 
in most apple-growing areas of the United States, the period after leaf-faU 
and before ascospore discharge begins in the following spring is a poten- 
tially vulnerable one (2, 7). Much more drastic chemical treatments can 
then be applied to the fallen leaves than would be tolerated by the tree 
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in treatments after harvest and before leaf-fall. For several years increased 
emphasis has been placed on this phase of the work. The earlier results 
have been reported and pertinent literatnre has been reviewed (7). 

Comparison of Fungicidal Materials 

Materials and Methods, As comparatively little information was avail- 
able concerning the effectiveness of materials for our purpose some small- 
scale exploratory experiments were performed. The following materials 
were used. 

Aerosol. — proprietary emulsifier. 

Ammonium sulphate.— ~A finely ground or pellet form of a commercial 
product used as a fertilizer. 

Copper sulphate. — Same as listed on page [3]. 

Elgetol Extra. — Same as listed on page [3] . 

Ethyl mercury oleate. — A proprietary fungicide containing 10 per 
cent of ethyl mercuric oleate. 

Eormalin. — A commercial product containing 40 per cent formalde- 
hyde in aqueous solution. 

Hydrated lime. — Same as listed on page [3]. 

Kerosene emulsion . — Commercial kerosene emulsified by means of 
Aerosol. 

Lignasan.—A proprietary fungicide containing 6.25 per cent ethyl 
mercuric phosphate. 

Monocalcium arsenite. — Same as listed on page [3] . 

IN-18 1-P. — ^A proprietary emulsifier. 

Sodium arsenite, — ^A commercial solution containing sodium arsenite 
equivalent to 4 lb. white arsenic (AS 2 O 3 ) per gallon. 

Sulphuric acid. — ^A commercial grade, sp. gr. 1.84. 

Two methods of treating overwintered leaves, bearing abundant peri- 
thecia, were employed. In 1937 and 1938 samples of such leaves (McIntosh 
or Dudley) were collected at random and placed in open-mesh cloth bags 
(7). These were then sprayed with various, materials. Duplicate bags 
were used for each treatment. In 1937, 1938, and 1939 overwintered leaves 
on 400-sq.-ft. plots in a sod orchard were treated with various materials by 
means of a wheelbarrow sprayer that maintained a pressure of about 150 lb. 

When most of the ascospores had matured, the bags of leaves and samples 
of leaves taken at random from the treated plots in the orchard were air- 
dried and stored pending examination. In 1937 the leaves were stored in 
the laboratory and examined in October, when it was found that satisfactory 
evaluation of the material could not be made by microscopic examination 
of crushed perithecia, as had been planned. In 1938 and 1939 the air-dry 
samples were stored at about 6 ° C., and laboratory studies of ascospore 
discharge were made in June and early July. From each sample 20 of the 
leaves bearing perithecia most abundantly were selected and a representative 
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disk .5 inch in diameter was cut from each. These disks were then wet and 
placed adherent to the glass within the tops of Petri dishes, with the dorsal 
surface oriented towards a water-agar gel contained in the bottoms. The 
dishes were held for 6 hours at 12 ° C.; counts were then made of the asco- 
spores caught on the agar surfaces. If the discharge was light all the spores 
were counted ; if moderate or heavy, the counts were made in 8 areas taken 
at random under each disk, each area being 1/100 that of the disk. The 
average number of spores discharged per disk was computed. 

Experimental Besiilts. The treatments and results of the small-scale 
experiments in 1938 and 1939 are shown in tables 4 and 5 . 

The bagged leaves were treated in 3 replicated series, each series being 
sprayed on a different date so that there might be variation in relation of 
time of treatment to rain periods (Table 4, footnote d). Treatments No. 2 , 
5, 9, and 10 were highly effective, regardless of the timing, whereas No. 8 
was relatively ineffective in all series. Treatments 1 , 3 , 4 , 6 , and 7 gave 
variable results, all being distinctly lessened in effectiveness under the con- 
ditions encountered by Series 2 , in which fairly heavy rains fell 8 and 30 
hours, respectively, after the spray was applied. 

Three of the 4 treatments (H 2 SO 4 , 10 per cent, and Formalin, 1 and 2 
per cent, respectively) that gave consistently good results in all three series 
with bagged leaves gave poor results in the orchard-plot experiments (Table 
5, plots 2, 9, and 10). The fourth material (the acidified preparation of 
copper sulphate and calcium and sodium arsenites), however, showed a 
high degree of efSciency when applied to leaves on the orchard floor (plots 
5 and 23), as well as to those in bags. The similar mixture used on plot 24 
was also highly efficient. The treatments of plots 1, 3, 4, 6 , 7, and 8 were 
comparatively inefficient. 

While mixtures of copper sulphate with arsenites showed a high degree 
of effectiveness, certain organic materials were distinctly more effective, 
and attention has been directed increasingly to them. Elgetol Extra at 
the 1 per cent concentration gave an indicated reduction of ascospore dis- 
charge of 99.3 per cent (plot 13). At the increased dilutions (plots 14 
and 15), the indicated effectiveness was substantially reduced. In view of 
other experience, however, and because of the fact that 80 per cent of the 
spores discharged from the 20 disks from plot 14 came from a single disk, 
it is thought that the indicated reduction by the .5 per cent dilution is 
unduly low. Elgetol Extra, .3 per cent, plus monoealeium arsenite, .5 per 
cent, was highly efficient (plot 16), but other combinations of dilute Elgetol 
Extra with supplements were less efficient (plots 17, 18, and 19). 

The results from Lignasan were excellent in one plot (No. 21) and 
inferior in its duplicate (No. 20). It is thought that the superior result 
is more reliable, since 90 per cent of the spores came from 2 of the 20 disks 
from plot 20. Under the conditions of this plot work in 1939 there was 
some possibility that leaves might be blown from a nontreated to a treated 
area. A question, therefore, must attach to results in which one or two 
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TABLE 5. Effectiveness of eradicant fungicidal treatments of overwintered apple 
wTlilsZdTsS Ipti sturgeon Zy, 

of 600 gal. perZreon^ApHl fl^Vs^and T^bT 


Plot 

No. 

Dates of collection of leaf samples, a 
variety, and treatment^J 

Average 
ascospores 
discharged 
per diskc 

Indicated 
reduction in 
ascosporie 
inoculum by 
treatment^ 


May 12, 1938 (McIntosh) 

(NH,)2 SOi 12.5 ... 

Number 

Ner cent 

1 

516 

84 2 

2 

H.SO4 10 

713 

78 2 

3 

CS 1 + L .1 + Fai .ee + HaSa .08 

1126 

65 5 

4 

(NttOaSO, 12.5 + Nai .2 + H.,80, .08 

995 

69 5 

5 

GS 1 + Cai .5 + Nai .4 + .08 

97 

97 0 

6 

CS 1 + Nai .66 + H„S04 .08 

432 

86.8 

7 

Nai .66 

596 

81.8 

8 

CS 1 

2437 

25 3 

9 

Formalin 2 

1775 

45 6 

10 

Formalin 1 

1287 

60.6 

11 

Untreated 

2560 

11a 

12 

iC 

May 23, 1939 (Dudley) 

Untreated 

3969 

6269 

45 

1° 

13 

Elgetol Extra 1 

99.3 

14 

“ “ .5 .. 

582 

90.7 

15 

“ “ .3 ... 

1767 

71.8 

16 

“ “ .3 + Cai.5 I 

111 

98.2 

17 

“ “ .3 + Cai.25 

398 

93.7 

18 

“ “ .l + Cai.5 

3835 

38.8 

19 

“ “ .3+ OS 1+L. 25 + Cai .75 

485 

92.3 

20 

Lignasan .125 + IN-181-P .03 

1000 

84.0 

21 

do 

164 

97.4 

22 

Ethyl mercury oleate .125 

2012 

67.9 

23 

CS 1 + Oai .5 + Nai .5 + H.SO4 -08 

297 

95.3 

24 

OS .25 + Nai 1 + Kerosene Emulsion 4 

June 21, 1939 (Dudley) 

238 

96.2 

12 

Nontreated 

104 


13 

Elgetol Extra 1 

0 

100.0 

16 

“ “ .3 + Cai .5 

4 

95.9 

21 

Lignasan .125 + IN-181-P .03 

1 

99.5 


of Elgetol Extra is expressed in per cent by 


b see footnote a, table 4. The 
volume. 

c See text for metliod. 

See- footnote 0, table 4. 

leaves of the sample furnished a high percentage of the spores. This difS- 
culty is being obviated in further similar experiments by covering the 
sampling areas with -wire netting. 

Ethyl mercury oleate was comparatively inefficient in this test (plot 22). 

To gain evidence on whether the seemingly effective treatments might 
merely have delayed the discharge of ascospores, samples were taken on June 
21 from plots 12, 13, 16, and 21. Tests of these (Table 5) showed little 
or no discharge from the treated samples and very sparse discharge from 
the nontreated; Microscopic examination of both fresh material and histo- 
logical preparations confirmed these results. 
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It is recognized that data on ascospore discharge from a larger number 
of leaves per sample wonld have been desirable, and an effort is being made 
to develop a more adec^uate method for evaluating the o[uantit]\ of the ascO' 
sporie inoculum. However, the results thus far obtained have been highly 
consistent, and are thought to be reliable for the eases of nearly complete 
suppression of ascospore discharge. They do not accurately reveal differ- 
ences in effectiveness of inferior treatments, but little interest attaches to 
such differences. 

Effects of a Ground Spray of Blgetol Extra on the Epidemiology 
and Control of Scab in a Commercial Orchard 

Elgetol has been recommended for dormant spraying of trees and vines 
to combat various fungus diseases (10, 11). Small-scale experiments with 
Elgetol Extra were performed in the spring of 1938 to test its effectiveness 
in suppressing the aseosporie inoculum of Yenturia inaequalis when sprayed 
on overwintered apple leaves on the ground. The results (3) were so 
promising that this material at a dilution of 1 part by volume in 100 was 
used for treating the leaves on the ground in a commercial orchard in the 
spring of 1939. Certain orchards that received no ground spray were 
studied comparatively. 

Materials and Methods. 

Experimental orchards: Stephenson^ s, — A 10-acre sod orcliard of McIntosh, 
Delicious, and Dudley, about 20-25 years old. Not more than a total of 8 acres of 
other plantings of apples within a .75-mile radius, including 5-acre orchard (Samuel- 
son^s) .3 mile, 1-aere orchard .2 mile, and 1-aere orchard .1 mile away. 

Samuelson’s. — A 5-acre orchard, chiefly McIntosh and Delicious, about 20-25 
years old, .3 mile north of Stephenson orchard. Cultivated, except for blocks about 
6 ft. square at bases of the trees. 

Goldman ^s. — A 6-aere block of McIntosh trees about 25 years old in 115-acre sod 
apple orchard located about 4 miles north of Stephenson orchard. 

Sadkett^s.—A 5-SiQ,Ye Wealthy and Dudley sod orchard 29 years old located 
.5 mile north of Goldman orchard. 

All the experimental orchards were located on gently rolling to rolling ground. 
Soil sandy loam or silt loam. There was a substantial development of scab on the 
foliage in all the experimental orchards in 1938. 

Ground spray treatments. — On April 22—23, 1939, leaves on ground in a 6-acre 
block of McIntosh trees in Stephenson orchard, sprayed with Elgetol Extra, 1 per 
cent, at 450 gal. per acre. Eemainder of orchard, treated with Elgetol Extra, .5 per 
cent, plus monocaleium arsenite, .5 per cent. Two operators using double-nozzle guns 
applied spray to area between 2 rows as they followed power spray rig, which main- 
tained approximately 400 lb. pressure. Discharges from the guns overlapped. The 
ground in a zone 50 to 100 ft. wide around edge of orchard, sprayed to treat leaves 
blown out of orchard. No ground treatment applied in Sackett, Goldman, and 
Samuelson orchards. 

Summer spray treatments.—SpYSij applied with guns from top of power rigs. 
Certain applications omitted on some trees in Stephenson and Sackett orchards, to 
obtain evidence on severity of primary infection and effectiveness of reduced spray 
programs in treated and nontreated orchards, respectively. A few trees in each 
orchard left unsprayed for study of the development of the disease during the season 
(Table 10). 

Epidemiological Records. Continuous records of rainfall, temperature, 
relative humidity, wind direction, wind velocity, and hours of bright sun- 
shine were taken by standard meteorological instruments set up in the 
Sackett orchard (6). The daily total precipitation, maximum and minimum 
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temperatures, and number of hours of relative liiimidity of 85-100 per cent 
are shown in figure 5, along with epidemiological data taken on the Dudley 
variety in the Sackett orchard by the general methods that have been de- 
scribed earlier (6). (The data on scab development -were taken on leaves 
of 20 tagged spurs, 20 tagged terminals, and 50 tagged fruits. The dates 
of spray applications are for Dudley at Sackett ’s and Meintosli at Gold- 
man's.) The season was one of well-distributed rain periods, moderate 
temperature, and unusually severe scab development. 

Experimental Bes%clts, To study the effect of the eradicant ti*eatimmt in 
reducing the ascosporic inoculum in the Stephenson orchartl, overwintered 
leaves were collected and the ascospores discharged from them. For sam- 
pling purposes the orchard was divided into 3 approximately equal areas. 
Prior to the treatment, about 500 exposed leaves (not covered !)y (ytlier 
leaves) were collected at random over each area and placed in o])en-mesh 
bags, laid on sod in the Sackett orchard until May 24. On May 24 similar 
samples of exposed leaves were collected at random from each of the sampling 
areas. The samples collected before and after treatment, respectively, were 
stored air-dry at about 6° C. and tested for ascospore discharge during June 
and early July by the method described on page 14. The results (Table 6) 

TABLE 6 . — Tests of the effectiveness of an eradicant treatment in Umiting the asm- 
sporio inoculum of V. inaequalis in a commercial McIntosh orchard, Sturgeon Bag, Wis,, 
1939, (Blgetol Extra, 1-per cent, was applied Apr, $2-33 to overwintered Jeaves on the 
ground in the Stephenson orchard at the rate of 450 gal. per acre,) 


Area^ number 

Average ascospores discharged per disk 
of leaf surf aceb 

Indicated rediietion 
in incidence of dis- 
charged ascospores 
by treatment 

Samples collected 
before treatment 

Samples collected 
after treatment 


Number \ 

Number 

Per cent 

1 

2181 i 

61 

97.2 1 

2 

2796 

151 

94.6 [• Av. 96.4 

3 

2215 

55 

97.5 j 


"^Eor sampling purposes the orchard was divided into 3 approximately equal areas. 
iJ See text for method. 


indicate that the treatment with Elgetol Extra at the 1 per cent concentra- 
tion reduced the ascosporic inoculum from the exposed leaves by about 96 
per cent. The close agreement of results from the 3 sampling areas is note- 
worthy. 

Samples were taken before and after treatment from leaves in drifted 
heaps at depths to which the fungicide did not penetrate. Uninjured peri- 
thecia were found in fair abundance in all these collections. While this 
aspect of the problem requires further study, the high degree of effectiveness 
of the treatment in delaying and reducing the intensity of scab development, 
as shown below, indicates that, under the conditions of this experiment, asco- 
spores from these underlying leaves that escaped the fungicide could not 
have played any important r61e in initiating the disease. It seems probable 
that the overlying leaves prevented effective dissemination of these spores. 
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Comparative data on sepal infection were taken on June 6-8 on non- 
sprayed trees in the Stephenson, Samuelson, and Saekett orchards. Exami- 
nation was made of 100 to 200 fruits taken at random from each of 1 to 6 
trees per variety in each orchard (Table 7). 


TABLE r.—Eel^on of eradicant fungicidal treatments to incidence of sepal infec- 
t%on, Sturgeon Bay, Wis., June 6-8, 19S9 ji/j 


Variety, oreharcl, and treatmenta 

Eruits 

exam- 

ined 

Eruits 
showing 
sepal in- 
fection 

Indicated 
reduction in 
incidence of 
sepal infec- 
tion on 
fruits by 
treatment^ 


Numder 

Per cent \ 

Per cent 

McIntosh (Stephenson), Eradicant treatment 




E.E. 1 ; no summer sprav ........ 

1200 

0.3 

99 

Deiicious (Stephenson), Eradicant treatment 

E.E. .5 4- Cai .5 ; no summer spray 

McIntosh (Samuelson), No eradicant treatment 1 
No summer spray 

200 

2.0 

95 

200 

37.0 

Delicious (Samuelson), No eradicant treatment 
No summer spray 

200 

40.0 


Dudley (Saekett), No eradicant treatment 

No summer spray . 

200 

40.0 


Wealthy (Saekett), No eradicant treatment 

No summer spray 

200 

33.5 

1 


a^E.E -Elgetol Extra (dosage expressed in per cent by volume) ; Cai = monocalcium 
arsenite (dosage expressed in per cent by weight). The eradicant sprays 'were applied 


^Comparison is made of the data from nonsprayed trees in the Stephenson (treated) 
and Samuelson (nontreated) orchards. 

The incidence of sepal infection on nonsprayed trees at this time is a 
very good index of the comparative effectiveness of the ascosporic inoculum 
in the different orchards, as no secondary infection had appeared. In the 
treated orchard (Stephenson’s) .3 per cent of the nonsprayed McIntosh 
fruits and 2 per cent of the nonsprayed Delicious showed sepal infection, as 
compared with 37 and 40 per cent, respectively, in the nontreated orchard 
( Samuelson ’s). The indicated reductions in this sepal infection by the 
treatment, assuming other conditions to be alike in the two orchards, are 99 
and 95 per cent, respectively, for the two varieties. These figures agree 
closely with the indicated reduction in effective ascosporic inoculum (Table 
6). It is noteworthy that sepal infection on Dudley and Wealthy in the 
Saekett orchard, which received no eradicant fungicidal treatment, was very 
similar in amount to that on McIntosh and Delicious in the Samuelson 
orchard. 

The development of scab on the foliage was followed until about 3 weeks 
after petal-fall on nonsprayed McIntosh trees in both the treated (Stephen- 
son) and the nontreated (Samuelson) orchards. At intervals of 4 to 12 
days data were taken on tagged fruit spurs and terminals, 5 of each on 1 tree 
in the nontreated orchard and 20 of each on 2 trees in the treated. Similar 
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records of scab development were taken on 25 tagged fruits on each of the 
trees on which the records of leaf phase of the disease were taken. 

The data (Fig. 6) indicate that on June 19 there was 91 per cent less scab 
per leaf in the treated than in the nontreated orchard ; similarly, on July 14 

there was 88 per cent less scab per fruit. 

Further data on the effects of the eradieant treatments on the develop- 
ment and control of scab were recorded from leaves and fruits taken at 
random in parts of the trees that could be reached from the ground. Usually 
10 terminals and 25 fruits were examined per tree. In cases in which the 
number of trees was small a larger number of terminals or fruits per tree 
was examined. 

The results (Table 8) show that on June 9 there were 98.8 per cent fewer 
lesions on leaves of nonsprayed McIntosh trees and 99.9 per cent fewer on 

Sround spr(^ing with eradieant f ungicides on the development 
of apple seal) on the foliage j Sturgeon Bay, Wis., 193d ^ 


Date, variety, orchard, and treatment^ 

Total 

leaves 

examined^ 

Leaves 

infected 

Average 
lesions 
per leaf 

Indicated re- 
duction in 
incidence of 
lesions by 
treatment^ 

June 9 

McIntosh (Stephenson), Eradieant 
treatment 

Number 

Ber cent 

Number 

Ber cent 

E.E. 1; no summer spray 

E.B. 1; L-S., 1-40, D, 0, 1, 2 

E.E. 1; L-S., 1-40, 0, 1,2 

E.B.1; L-S., 1-40, 1,2 

E.E. 1 j L— S., 1—40, 2 

1258 

1167 

1269 

1238 

1287 

658 

4.3 

0.1 

0.7 

0.4 

1.2 

0.6 

0.08 

0.00 

0.01 

0.00 

98.8 

Delicious (Stephenson), Eradieant 
treatment 

E.E. .5 4- Cai .5 ; no summer spray 

McIntosh (Samuelson), No eradieant 
treatment 

u.uz 

0.01 

99.9 

No summer spray . 

275 1 

72.0 

A QK 


Delicious (Samuelson), No eradieant 
treatment 

o.yo 


No summer spray . 

295 

71.5 

4.84 


July 11 

McIntosh (Stephenson), Eradieant 
treatment 


E.E. 1,* no summer spray 

E.E. 1; L-S., 1-40, D, 0, 1, 2; 1-60, 

E.E. 1; L-S., 1-40, 0, 1, 2; 1-60, 3; 

1—/ 5, 3A 

770 

1439 

1437 

79.2 

8.2 

15.6 

20.3 

27.3 

25.80 

0.16 

0.52 

0.95 

68.8 

E.E. 1; L-S., 1-40, 1, 2; 1-60, 3: 1- 

75, 3A 

E.E. 1; L-S., 1-40, 2; 1-60, 3; 1-75, 

3 A 

1496 

806 


McIntosh (Samuelson), No eradieant 
treatment 

i.oy 


No summer spray 

331 

99.0 

82.48 



“ See footnote a, table 10. 
b A.11 leaves on 25, 50, or 100 terminals 
examined. 

c See footnote h, table 7. 


taken at random on 1 to 10 trees per plot were 
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Delicious in the ground-sprayed orchard than in the orchard that received 
no eradicant treatment; on July 11, 68.8 per cent fewer on McIntosh. On 
July 11, even where all pre-hlossom sprays had been omitted in the ground- 
treated orchard, the leaf infection was fairly well controlled. 

Kesults on fruit infection in the Stephenson and Samuelson orchards and 
certain other experimental orchards are shown in table 9. On June 20-21, 
about 3 weeks after petal-fall, trees that had received no summer spray 
showed 17 to 21 per cent of the fruit infected in the Stephenson orchard, as 
compared with 100 per cent in the stated orchards that received no eradicant 
spray. The average number of lesions per fruit for each McIntosh and 
Delicious in the Stephenson orchard was 98 per cent less than in the Samuel- 
son orchard. It is noteworthy that the incidence of scab on nonsprayed 
fruit of Dudley and "Wealthy in the Sackett orchard corresponded closely 
with that on McIntosh and Delicious in the Samuelson orchard. As was 
expected, scab developed severely in late season on the nonsprayed trees in 
the Stephenson orchard. 

At harvest a sample of fruit was examined from each of the plots that 
received various summer spray programs in orchards respectively wdth and 
without eradicant fungicidal treatment. The scab on each fruit w^'as classi- 
fied as bad, commercial, or slight (see footnote Table 2). In the Stephen- 
son and Samuelson orchards all the fruits were examined from each of a 
number of branches taken at random over each count tree. In the other 
orchards random samples were taken from each box as the fruit was picked. 

The results appear in table 10. The eradicant fungicidal treatment in 
the Stephenson orchard so checked the epidemic (see also Tables 7, 8, and 9 
and Fig. 6) that the disease was excellently controlled (1 per cent of fruits 
scabbed) by the 7-spray lime-sulphur program used, and fairly w^ell con- 
trolled (15 per cent of fruits scabbed), even when the 3 prebloom treatments 
of this program were omitted. In the Goldman orchard, which received no 
eradicant treatment, an 8-spray lime-sulphur program failed to control the 
disease (32 per cent of fruit scabbed). A 6-spray lime-sulphur program on 
Dudley in the Stephenson orchard gave complete control of scab on the fruit, 
whereas a similar program in the Sackett orchard (no eradicant treatment) 
gave 31 per cent of the fruit scabbed. In the Sackett orchard, 62 per cent 
of the fruit was scabbed in the Dudley plot that received no pre-blossom 
spray, and lime-sulphur in the 4 treatments after blossom, whereas, in the 
Stephenson orchard, a similar 4-spray lime-sulphur program on McIntosh, 
on which scab is more difficult to control, gave only 15 per cent of fruit 
scabbed. It is noteworthy that, under the conditions encountered, omission 
of the delayed dormant and prepink sprays had comparatively little effect 
on scab control in either orchard. 

The work in the Stephenson and Samuelson orchards was initiated as a 
preliminary orchard-scale experiment on eradicant fungicidal spraying, and 
was not designed for direct comparison with results from the Sackett and 
Goldman orchards. However, the data from the latter orchards seem so 
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pertinent that they are presented with the notation that factors other than 
the spray treatments doubtless played some part in causing the differences 
in results in the several orchards. 

A wholly satisfactory control on the effectiveness of the ground spray 
is difficult to attain. If a sufficient portion of an orchard of the size that 
was available for our work be left without treatment, the results may be 
seriously vitiated by air-drift of aseosporic inoculum from the nontreated to 
the treated portion. If a nearby orchard be used for the control, as the 
Samuelson orchard was in this work, some difference in conditions of the 
experimental orchards must be expected. Differences occur, however, in 
various parts of any orchard; and it is thought that the Stephenson and 
Samuelson orchards were as comparable as might have been parts of an 
orchard large enough to include them both. The data obtained by various 
methods on the reduction of the aseosporic inoculum by the treatment and 
on various aspects of disease development and control in the several orchards 
included in this study (Tables 6-10 and Figs. 5 and 6) all aid in the evalua- 
tion of the effects of the ground treatment, and thus contribute to the control 
of the experiment. It is noteworthy that these data, gained from many 
sources, are highly consistent. It is recognized, however, that they should 
be interpreted conservatively, pending further experimentation. 

DISCUSSION 

In the work reported herein attention was centered on two major aspects 
of the problem: (a) materials and methods for drastic suppression of the 
aseosporic inoculum of Yenturia inaequalis by use of eradicant fungicides, 
(b) the effects of such reductions of the aseosporic inoculum on the epidemi- 
ology and control of the disease. 

In the experiments performed in the two small orchards of Wealthy dur- 
ing the three seasons a eopper-lime-arsenic mixture applied after harvest and 
before leaf-fall showed an indicated efficiency of 97 to 100 per cent in reduc- 
ing the incidence of perithecia in the overwintered leaves of the treated 
orchard as compared with the nontreated. In the ground-spraying experi- 
ments in a commercial orchard Elgetol Extra, diluted 1-100 by volume in 
water, gave an indicated reduction of the effective aseosporic inoculum of 
about 96 per cent. Further work will be necessary to establish the relative 
merits of spraying after harvest and before leaf -fall and treating the dead 
leaves on the ground. However, the fact that the ground treatment largely 
avoids certain obstacles to fall spraying, especially spray injury, leads to 
increased interest in ground spraying. 

The records on incidence of perithecia or discharged ascospores and of 
scab lesions, taken in the different experiments and by various methods, show 
clearly and very consistently that the reductions in the effective aseosporic 
inoculum resulted in drastic reductions in incidence of scab lesions. While 
the correspondence was closest in the data dealing with aseosporic infection, 
the relationship between numbers of perithecia or discharged ascospores and 
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of primary lesions being approximately direct, tlie effects of the eradicant 
spraying were strikingly apparent throughout the season. The epidemics 
were much retarded and reduced. On the very susceptible late variety, Mc- 
Intosh, a severe late development of scab occurred on nonsprayed trees in 
the ground-sprayed orchard, but the retardation and reduction seemed 
greatly to facilitate the effectiveness of summer spraying. 

Much more work will be necessary before conclusions can be reached 
regarding the place eradicant fungicidal treatments of the type discussed 
herein may take in the control of this disease. Promising results have 
already been reported by other workers (1, 8). However, the full varia- 
bility of epidemiological conditions has not yet been encountered, and the 
writers would regard it as unwise to relax the summer spray program in 
commercial-orchard practice until an adequate body of experimental data 
is accumulated to warrant such procedure. In the present stage of the study, 
the writers are centering attention on the attempt to develop a satisfactorily 
efficient control program. If this can be done, further consideration may 
then be given to possibilities of decreasing its cost. 

It has been pointed out elsewhere (2, 7) that, despite its great accom- 
plishments, protectant spraying still has some serious limitations. Besides 
permitting sufficient survival of the pathogen to provide an abundant 
annually recurring ascosporie inoculum, the protectant program for apple 
scab control is expensive, laborious, and uncertain of success under unfavor- 
able conditions. Furthermore, materials that have sufficient fungicidal 
efficiency for scab control under conditions of severe occurrence of the 
disease are liable to cause objectionable injury to the foliage or fruit. 
One of the great difficulties, both in planning a suitable protectant program 
and in interpreting the results in relation to those from other programs, 
is the great variability in intensity of the epidemics encountered in different 
years or places and corresponding differences in the difficulty of control. 
In situations in which there is risk of severe occurrence of scab, a safe 
program ordinarily requires an amount of protection sufficient for success 
under the most severe conditions that may reasonably be anticipated. If 
eradicant spraying can be made to effect a sufficient retardation and reduc- 
tion in the epidemic, it would seem possible that the less injurious materials, 
and perhaps fewer applications, could be employed in the protectant pro- 
gram. Furthermore, the chances of obtaining consistent results might be 
enhanced. 

The experimental results herein reported, in confirmation and extension 
of those reported earlier (2, 6, 7), seem to establish for apple scab the 
principles (a) that the quantity or dosage of the primary inoculum is a 
major factor in determining the time and intensity of epidemic develop- 
ment, and (b) that the time and intensity of development of the epidemic 
are major factors in influencing the requirements for its control. They 
suggest the probability that these principles apply to many other plant 
diseases of this general type. 
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If ground spraying can be made economically and consistently to yield 
results of the type obtained last year, a reworking of summer spray pro- 
grams in relation to the changed requirements for control incident to the 
eradieant treatment would seem to be indicated. Eecommendations for 
application of the findings of this investigation to orchard practice are, 
therefore, withheld, pending the results of further studies now in progress. 


SUMMARY 

In 3 successive years a small Wealthy orchard was sprayed after harvest 
and before leaf-fall with a eopper-lime-arsenie mixture designed to limit 
production of ascosporic inoculum of Yeniuria inaequalis. A similar non- 
sprayed orchard nearby served as a control. Neither orchard received 
any summer spray. Counts indicate a reduction by the spray of 97 to 100 
per cent in incidence of fertile perithecia of Y. inaequalis in the over- 
wintered leaves and a closely corresponding reduction in ascosporic infec- 
tion in the treated orchard, as compared with the nontreated. Data ta ken 
on the fruit at harvest indicate that the spray reduced incidence of lesions 
by 96, 91, and 98 per cent, respectively, in 1937, 1938, and 1939. No sig- 
nificant spray injury was observed on Wealthy, but some injury was at 
times observed on certain other varieties. 

Small-scale treatments of overwintered leaves on the ground showed 
that Blgetol Extra and certain other materials are highly effective in limit- 
ing development of the ascosporic inoculum. 

In 1939 the overwintered leaves on the ground in a 6-acre McIntosh 
orchard in sod were sprayed with Blegtol Extra, 1 per cent by volume in 
water, at the rate of 450 gallons per acre. A similar nontreated orchard 
.3 mile away served as a control. A few trees in these orchards received 
no summer spray. Ascospore discharge experiments and lesion counts 
indicated that the eradieant spray reduced the effective ascosporic inoculum 
by approximately 96 per cent, with closely corresponding reduction in 
ascosporic infection. At 3 weeks after petal-fall the scab epidemic on non- 
sprayed trees was reduced by about nine-tenths in the treated orchard, as 
compared with the nontreated. The retardation and reduction of the 
epidemic seemed greatly to facilitate control by the summer spray pro- 
grams used. 

The results reported establish for apple scab the principles (a) that 
the dosage of the primary inoculum is a major factor in determining the 
time and intensity of epidemic development and (b) that the time and 
intensity of development of the epidemic are major factors influencing 
the requirements for its control. They suggest the probability that these 
principles apply to many other plant diseases of this type. Eeeommenda- 
tions for application of the findings of this investigation to orchard practice 
are withheld, pending the results of further studies now in progress. 
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HOST RANGE OF PEACH-MOSAIC VIRUS IN 
WESTERN COLORADO^ 

E.W.Bodinea n d L . W. Burrells 
(Accepted for publication August 11, 1940) 

INTRODUCTION 

The practice of eradicating peach trees in Colorado following manifesta- 
tion of peach-mosaic symptoms has resulted since 1935 in a reduction in the ■ 
incidence of peach mosaic. However, even with, the present system of 
thorough inspection and complete removal of all diseased trees,® severe 
sporadic outbreaks have occurred yearly in localized areas. A possible 
reason for such outbreaks is that Prtinus types other than the peach may 
harbor the virus of peach mosaic and may either manifest atypical symp- 
toms or fail to show any symptoms. Another possibility is that naturally 
occurring mosaics, found on apricot, cherry, floAvering peach, and plum, 
may show a relationship to peach mosaic. A further possibility is that 
certain horticultural varieties of peach may be slow in manifesting the 
symptoms of peach mosaic or may show atypical symptoms, thus harboring 

3 The original article was not available to the writers, who are indebted to Charles 
and Nathalie Zorsch for a copy of their translation. 

1 Published with the approval of the Bireetor of the Colorado Agricultural Experi- 
ment Station. Contribution from the Section of Botany and Plant Pathology. 

2 The writers wish to express their appreciation to Br. Lee M. Hutchins for his many 
helpful suggestions during the course of the investigation and for his critical reading of 
the manuscript. They also wish to thank Mr. Max A. Sisson and Mr. Carrol Wade, agents 
in the Bureau of Entomology and Plant Quarantine, U. S. Bepartment of Agriculture, 
for invaluable aid during the field studies and Br. W. A. Kreutzer for his assistance in 
the preparation of the manuscript. 

3 This work has been carried on by the Bureau of Entomology and Plant Quarantine, 
U. S. Bepartment of Agriculture, the Bureau of Plant and Insect Control of the State 
Bepptment of Agriculture, and the Botany and Plant Pathology Section of the Colorado 
Agricultural Experiment Station. 
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the causal virus and enabling it to be spread before the trees can be detected 
and removed. 

The writers (2), in 1937, observed that the Maynard plum may be nat- 
urally infected with the peach-mosaic virus without expressing symptoms. 
Cochran and Hutchins (3), working in southern California, reported that 
when scions from almond, apricot, prune, plum, and Myrobolan plum, which 
were infected with the viruses of naturally occurring mosaics, were grafted 
on healthy J. H. Hale peach nursery trees, symptoms indistinguishable from 
those of peach mosaic were expressed in the peach leaves. Cochran and 
Hutchins (4) also found that when almond, apricot, plum, and prune nur- 
sery trees were inoculated with buds taken from peach trees affected with 
the peach-mosaic virus, they became symptomless carriers of the virus. 

This paper presents the results of further studies on the host range of 
the peach-mosaic virus, the findings as to the infectious or non-inf ectious 
nature of naturally occurring mosaics on apricot, cherry, flowering peach, 
and plum, and the reactions of some horticultural varieties of the peach to 
the peach-mosaic virus. 

HOST RANGE 

In order to investigate the possible host range of the peach-mosaic virus, 
it was necessary to obtain healthy stock. Plants used in this study were 
as follows: almond (unknown variety), apricot (varieties Montgamet and 
Smith), cherry (variety Eoyal Duke), and plum (varieties Hungarian 
prune, Green Gage, Satsuma, Maynard, Blue Damson, and Wickson). 
Twenty-five 1-year-old nursery trees of each of the Primus types and varie- 
ties just mentioned, with the exception of Eoyal Duke cherry, were tested 
to insure their freedom from the peach-mosaic virus. In the ease of the 
Eoyal Duke cherry only 10 trees were used. In order to ascertain whether 
these plants were infected with a mosaic virus which might produce symp- 
toms on peach, buds were inserted into healthy Elberta peach nursery trees. 
None of the Elberta trees so treated showed symptoms of mosaic. 

Twenty nursery trees of each Primus type and variety used, with the 
exception of the Eoyal Duke cherry, then were subjected to infection by 
the peach-mosaic virus by use of bud inoculations. In the case of the Eoyal 
Duke cherry only 5 trees were inoculated. The 5 remaining trees of each 
Prunus type and variety were held as controls. The buds used were ob- 
tained from Elberta trees showing typical symptoms of peach mosaic. 
These buds also were inserted into each of 20 Elberta trees and 20 seedling 
trees of the same variety that were free from the peach-mosaic virus. In 
September, 1936, all the inserted peach buds showed growth unions ; the new 
leaves from these buds manifested the following spring characteristic symp- 
toms of peach mosaic. 


No variety tested (Table 1), with the exception of the Montgamet apri- 
cot, Hungarian prune, Elberta peach, and Elberta seedling peach, expressed 
mosaic symptoms the following spring after inoculation. In early spring, 
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there appeared small, yellow flecked areas in the apricot leaves. Later in 
the growing season these disappeared, and larger yellow areas became evi- 
dent. In addition faint ring spots also were observed. The leaves of the 
Hungarian prune showed distinct patterns of mosaic in early spring (Pig. 
1, C), but, as the season progressed, these became less evident. 


Pig. 1. Symptoms induced on JPrunus types by tlie virus of peach mosaic. A. In- 
fected dowering peach tree. The property on which this tree was found was adjacent 
to a peach orchard. A high percentage of the flowering peach trees in the Palisade area 
were found infected with peach-mosaic virus. B. Characteristic mosaic patterns on 
Elberta peach leaves from a plant inoculated by insertions of buds obtained from an in- 
fected Maynard plum tree. C. Mosaic pattern on a leaf from a Hungarian prune tree 
infected with the virus of peach mosaic. 

In September, 1937, buds from all the previously mentioned horticul- 
tural varieties inoculated with the peach-mosaic virus (Table 1) were in- 
serted into healthy Elberta trees and seedling nursery trees of the same 
variety. In all cases the inserted buds made growth unions, and symptoms 
of peach mosaic were manifested in the growth of the stock in the early 
spring of 1938. This indicated that the Frumis types used in this experi- 
ment, with the exceptions of peach, Montgamet apricot, and Hungarian 
prune, may, when inoculated, become infected with the peach-mosaic virus, 
although without expressing Visible symptoms. This entire study was re- 
peated in 1937, 1938, and 1939, giving essentially the same results as those 
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listed in table 1. These results agree with those reported from similar 
studies by Cochran and Hutchins in southern California (4) . 

Because the majority of the Primus types and varieties used in the pre- 
viously described experiment, other than the peach, did not express mosaic 
symptoms, even though they were infected with the peach-mosaic virus, an 
experiment was conducted to determine whether such varieties were natur- 
ally infected wdth the peach-mosaic virus. It has been previously pointed 
out that such a condition was observed in the case of the Maynard plum (2). 
When buds taken from Maynard plum trees showing no symptoms of mosaic 
were inserted into healthy Blberta nursery trees in the fall, they showed 
severe mosaic symptoms the following spring (Pig. 1, B). 


TABLE 1. — The results of inoculating various Prunus types hy hud insertions with 
the virus of peach mosaic 


Prunus types 

Horticultural 

variety 

Trans- 
mission 
of the 
peach- 
mosaic 
virus 

Mosaic 
patterns 
in the 
leaves 

Transmission 
back to the 
peach 

Elberta 

seedling 

nursery 

trees 

Elberta 

nursery 

trees 

Apricot (Prunus armeniaca) 

Montgamet 

-t 

+ 

4- 

+ 



Smithb 

-t 

- 

+ 

+ 

Almond (P. communis) 

Unknown 

+ 

- 

+ 

-f 

Cherry a (P. avium x P. cerasus) ... 

Royal Duke 

+ 

- 

+ 


Peach (P. persica) 

Elberta 

+ 

+ 

+ 

-1- 



Elberta seed- 

. 






ling 

+ 


+ 

-h 


(P. domestica) 

Hungarian 







prune 

+ 

•f 

-t 

+ 



Green Gage 


- 

+ 

A 

Plum * 

(P. salicina) 

Satsuma 

+ 

- 

+ 

+ 



Maynard 

-h 

- 

+ 

+ 


(P. insititia) 

Blue Damson 

+ 

- 

+ 

+ 


. (P. salicina x P. simonii) 

Wickson 

+ 

- 

+ 



a Since the buds of cherry inserted into peach tissue did not make permanent growth 
unions, they were inserted into Hungarian prune trees, which had been demonstrated to 
be infected with the peach-mosaic virus. Such inserted buds then made growth, unions 
and produced satisfactory growth. 

h This may be a local name for a standard variety. 

Surveys of 200 eommercial peach orchards and their environs revealed 
that trees of several varieties of Prunus types were growing in areas in 
which incidence of peach mosaic was quite high. In such localities trees 
of 3 varieties of apricot, 25 of plum, including 2 prune varieties, and a 
variety of almond were located, making a total of 1,340 plants. To ascer- 
tain whether these trees were carriers of the peach-mosaic virus, each plant 
was grafted with 2 healthy Elberta peach scions in the spring of 1938. 
During the growing season of 1938, scions on a majority of trees of each 
variety grafted made growth unions. In no case, however, did any of these 
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developing scions express symptoms of peach mosaic. Representative 
grafted trees of each variety were again exainined, and vdth like results, in 
the growing season of 1939. 

NATURALLY OCCURRING MOSAICS ON PRUNUS TYPES OTHER THAN PEACH 

Apparent mosaic symptoms have been observed frequently on apricot, 
flowering peach, cherry, and plum in and near orchards where many dis- 
eased peach trees had been removed. The question arose as to whether these 
symptoms resulted from infection by the peach-mosaic virus. In order to 
investigate this possibility, buds from 2 varieties of apricot (Montganiet and 
an unknown variety), cherry (variety Royal Duke), flow^ering peach, and 
plum (varieties Satsuma and Italian prune) showing such symptoms were 
inserted into 10 Blberta and 10 Elberta seedling peach nursery trees in 
September, 1936. The inserted buds in the majority of cases made growth 
unions, and the growth from these buds in the spring of 1937 revealed mosaic 
symptoms that in each case were characteristic of those shown by the parent 
trees. "With the exception of those trees inoculated with buds from mosaic- 
affected flowering peach trees (Table 2), no symptoms of peach mosaic were 
apparent in the growth of either the Blberta trees or Elberta seedlings. In 
the former instance the mosaic patterns appearing in their leaves were 
characteristic of peach mosaic. Typical symptoms of the disease, such as 
petal breaking, leaf mottling, and internode shortening, resulting in tuft- 
ing, were observed in the mosaic-affected flowering peach trees whence the 
buds were originally obtained (Pig. 1, A). 

The naturally occurring mosaic found on the unknown variety of apri- 
cot was manifest in a mottling along and between the veins of the leaves. 
Such leaves frequently showed an abnormal crinkling (Fig. 2, D). The 
new stem growth of such diseased trees showed a distinct shortening of the 
internodes (Fig. 2, A). In addition, after the stone-hardening period, 
fruits became misshapen and exhibited a marked bumpiness (Pig. 2, E). 
The appearance of this mosaic was first observed on apricot growth that 
previously had been grafted to the Satsuma plum. Later, individual apri- 
cot trees showed the same symptoms. Satsuma plums, grafted wdth such 
apparently infected apricot scions, uniformly showed inconspicuous mar- 
ginal mottling of the leaf blades. Only in a few instances did the fruits of 
such plums exhibit any noticeable raised areas. Satsuma plum trees, show- 
ing no apricot grafts, and exhibiting the previously described symptoms, 
were found later. 

When buds from Satsuma plum trees and from trees of the unknown 
variety of apricot were inserted into Blberta seedling nursery trees in the fall 
of 1937, symptoms unlike peach mosaic appeared in the peach seedling growth 
the following spring (Table 2). Small ring spots were observed on some 
of the leaves, while others showed a marginal yellowing of the veins (Fig. 
2, R). In addition still others exhibited small, irregular areas of primuline 
yellow (7). In the fall of 1938 buds from inoculated seedling peach, Sat- 



IFig. 2. The effect of the apricot-plum virus on apricot (unknown variety), seedling 
peach, and Elberta peach. A. Symptoms on new apricot stem growth. The two twigs 
on the left were taken from a diseased apricot tree, while the one on the right was taken 
from a healthy tree of the same variety for comparison. B. Symptoms on seedling peach 
leaves. 0. Symptoms on Elberta peach leaves. D. Mottling of apricot leaves. E. Symp- 
toms on apricot fruits. 

snma plixm, and the nnknown variety of apricot were inserted into Elberta 
nursery trees. No symptoms were observed in the growth of the stocks 
during the season of 1939. In the spring of 1940, at the time of writing, 
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however, the developing leaves of the Elberta peaeh stocks have shown symp- 
toms that, with the exception of ring spots, were similar to those observed 
in the leaves of the previously discussed inoculated seedling-peach nursery 
trees (Pig. 2, C) . 

It was stated previously that the symptoms expressed in the leaf growth 
of the inserted buds of the various Prunus types studied were typical of 
those shown by each respective parent tree. In order to obtain further evi- 
dence as to the possible virus nature of these maladies, buds from Eoyal Duke 
cherry trees, Satsuma plum trees, and those of the unknown variety of apri- 
cot, all showing natural mosaics, were inserted into healthy nursery trees 
of the variety from which they were obtained in September, 1937 (Table 2). 
The following spring, mosaic symptoms characteristic of those shown by the 
parent trees from which the buds were obtained appeared both in the growth 
of the buds and in the inoculated trees. As shown in table 2, the viruses 
of the apricot and the plum mosaics were found interchangeably transmis- 
sible by bud inoculations, the symptom expressions indicating that these 
mosaics were caused by the same virus. 


TABLE 2. — The transmission of certain apparently naturally occurring mosaic 
viruses of Frunus types suspected of "being related to the peach-mosaic virus 



Horticul- 

tural 

variety 


Transmission 


Symptoms 
on peach 

Frunus types 

To peach 

To orig- 

To host 
other 
than 
peach 

Peaeh 

Unlike 


Elberta 

Elberta 

seedling 

inal 

host 

1 

mosaic 

tj-pe 

peach 

mosaic 

Apricot (Prunus ar- 

IJnknowii 

+ 

+ 

+ 

+b 

- 

+ 

meniaca) 

Montgamet 

fa 

? 



- 

- 

Cherry (P. avium x 
P. cerasus) 

Poyal 

Duke 

% 

? 

+ 


— 


Peach (P. persica) ... 

Plowering 

peaeh 

+ 

+ 

+ 


+ 


f P. salicina 

: Satsuma 


+ 

+ 

+b 

— 

+ 

Plum < P. domestica 

1 Italian 
Prune 

? 

f 



- 



a In such cases^ as indicated, by the absence of leaf symptoms, no transmission was 
evident. However, the possibility of transmission without symptoms to date cannot be 
excluded from consideration. At present, work is in progress designed to clarify this 
point. 

b The virus affecting the unknown variety of apricot was transmissible to Satsuma 
plum and vice versa. The symptoms produced suggested that both mosaics were induced 
by the same virus. 

Buds from Montgamet apricot trees, showing an apparently naturally 
occurring mosaic, were inserted into bearing trees of the same variety in 
September, 1938. In this particular disturbance the leaves showed mosaic 
patterns, and the fruit manifested ring spots at maturity. The majority 
of the inserted buds made growth unions, apd the growth from these buds 
showed the same type of symptoms as were observed in the trees whence 
the buds were originally obtained. No such symptoms were manifested in 
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tlie growth of the grafted trees in the season of 1939. In like fashion buds 
from the Italian prune trees showing an apparent mosaic were inserted 
into trees of the same variety. As was observed in the case of the grafted 
Montgamet apricot trees, symptoms were expressed in the growth from the 
inserted buds but not in that of the stock trees. 

The previously described studies indicate the existence of mosaics oc- 
curring on varieties of apricot, cherry, and plum in western Colorado. Such 
mosaics apparently have no relationship to peach mosaic. In addition, the 
questionable disturbances observed in the Montgamet apricot and the Italian 
prune likewise have no bearing on the peach-mosaic problem. 

THE REACTIONS OF PEACH VARIETIES TO THE PEACH-MOSAIC VIRUS 

Since the beginning of the peach-mosaic investigations in Colorado, 
symptom manifestations of the disease have been recorded (1, 5). Similar 
recordings have been made in Texas and California (5). Observations to 
date indicate that all peach varieties in Colorado are susceptible to infection 
by the peach-mosaic virus, although the symptom manifestation seems to 
vary with the different varieties. In some varieties symptoms of peach 
mosaic may not be detected in all seasons of the year, yet no variety is known 
to harbor the virus without showing symptoms at some time (5). In the 
Carman, Guinn, Salwey, Wonderful, and Victor varieties of peach there is 
some evidence to the effect that the elapse of a longer period of time is neces- 
sary to bring about the expression of recognizable symptoms than that 
required for a similar expression in the Elberta and J. H. Hale varieties. 

It has been observed that the disease is easily recognized in orchards 
planted only to the Elberta and J. H. Hale varieties, and that the removal 
of infected trees in early spring and throughout the growing season defi- 
nitely arrests the spread of peach mosaic in these orchards (Table 3, 
orchards No. 1, 2, and 3). In some orchards, however, where Elberta, J. 
H. Hale, Carman, Salwey, Guinn, Phillips Cling, and other varieties were 
grown together, the spread of the disease was not arrested following such 
persistent eradication (Table 3, orchards No. 4, 5, 6, and 7). 

In field studies in the spring of 1938, 200 suspected peach trees, con- 
sisting of the varieties Carman, Guinn, Salwey, Wonderful, and Victor, 
were indexed by grafting them with healthy Elberta scions. These scions 
were obtained from trees growing in a locality where the peach-mosaic dis- 
ease has not been observed to date and were tested to insure their freedom 
from the peach-mosaic virus. The growth of the Elberta test-scions fre- 
quently expressed symptoms of peach mosaic (Fig. 3, left), while the tree 
on which the graft was made showed no apparent symptoms. In other 
cases the tree showed only slight to moderate , symptoms, while the scion 
showed moderate to severe symptoms. In still other instances symptoms in 
the scion were lacking, while the grafted tree expressed only slight symp- 
toms. Finally, in numerous eases, symptoms were expressed in neither the 
scion (Fig. 3, right) nor stock. In several instances Elberta scions, grafted 


TABLE 3 . — CompctTison of the incidence of peach mosaic from 1935— 1939 j inclusive^ hi orchards composed of only the Elherta and 
Hale varieties with the incidence in orchards of mixed varieties following continued eradication 
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Fig. 3. Method of indexing trees of certain peach varieties suspected of harboring 
the virus of peach mosaic. Left, Elberta scions growing on Carman stock. Symptoms 
of peach mosaic are evident in the leaves of the scions. Eight, an unaffected Elberta 
scion on a second Carman stock. All scions were obtained from Elberta peach trees 
known to be free from the virus of peach mosaic. The Carman stock trees showed no 
symptoms of peach mosaic. 

to trees of the Carman, Salwey, Wonderful, and Victor varieties, showed 
slight to moderate symptoms of peach mosaic in the springs of 1938 and 
1939. No recognizable leaf symptoms of peach mosaic were observed in the 
stock trees during this peiuod. 

The existence of more than one strain of the peach-mosaic virus has been 
indicated in western Colorado since 1935. Evidence of this nature recently 
has been recorded by Hutchins and Cochran in southern California (6). 
The existence of strains of the virus may be an explanation for the results 
obtained in the study of the reactions of peach varieties to the peach-mosaic 
virus. 

SUMMARY 

Trees of an unknown variety of almond, Montgamet and Smith apricots, 
Royal Duke cherry, and Hungarian prune, Green Gage, Satsuma, Maynard, 
Blue Damson, and Wickson plums were subjected to infection by the peach- 
mosaic virus through bud inoculations. Of the trees thus treated, only the 
Hungarian prune and Montgamet apricot showed mosaic symptoms. Trees 
of all the varieties inoculated, whether expressing symptoms or not, were. 
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however, shown to have become infected by the virus of peach mosaic. This 
infection was detected by virtue of bud insertions into healthy Elberta trees 
and Elberta seedling peach nursery trees. 

Grafting a total of 1,340 plum, apricot, and almond trees with two 
healthy Elberta peach scions per tree show^ed no tree infected with the peach 
mosaic virus. These trees included 25 varieties of plum, 3 of apricot, and 1 
variety of almond. 

Naturally occurring mosaics have been observed on apricot (varieties 
Montgamet and unknown), Koyal Duke cherry, flowering peach, and plum 
(varieties Satsuma and Italian prune) . In order to determine whether these 
mosaics were the result of infection by the virus of peach mosaic, buds from 
trees of each variety showing a mosaic were inserted into healthy Elberta 
trees and Elberta seedling peach nursery trees. Only trees inoculated with 
buds from the affected flowering peach trees showed peach-mosaic symptoms. 
Mosaic symptoms unlike those of peach mosaic appeared in the growth of 
the Elberta seedling and Elberta peach nursery trees inoculated with buds 
obtained from the affected unknown variety of apricot and affected Satsuma 
plum. None of the peach trees grafted with buds obtained from trees of 
varieties showing the other naturally occurring mosaics expressed any symp- 
toms. The virus causing the mosaic of the unknown variety of apricot was 
found to be transmissible to the Satsuma plum, and vice versa. The symp- 
toms produced suggested that both mosaics were induced by the same virus. 
By bud inoculations of the same variety from which the buds w^ere obtained, 
the virus natures of all naturally occurring mosaics studied, with the excep- 
tions of those found on the Italian prune and Montgamet apricot, w^ere 
established. 

A five-year study of the incidence of the peach-mosaic disease in 7 
orchards showed that the eradication of diseased trees definitely arrested 
the spread of mosaic in 3 orchards planted only to the Elberta or J. H. Hale 
or both varieties. However, in four orchards of mixed plantings, in which 
varieties such as the Carman, Salwey, Guinn, Victor, J. H. Hale, Elberta, 
and Phillips Cling were growing together, the spread of peach mosaic was 
not arrested by persistent eradication. 

Grafting Elberta test-scions on 200 peach trees of the varieties Carman, 
Guinn, Salwey, Wonderful, and Victor gave variable results. These trees, 
some of which were suspected of harboring the peach-mosaic virus, were 
selected at random. In many eases where no mosaic symptoms were evident 
in the stocks, slight to moderate symptoms were expressed in the growdh of 
the scions. In other instances where slight symptoms were observed in the 
stocks, moderate to severe symptoms were expressed in the growth of the 
scions. In still other cases where slight symptoms were apparent in the 
stocks, no symptoms were expressed in the growth of the scions. Finally, 
numerous trees showed symptoms in neither the stock nor scion growth. 
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VAEIATION IN THE GERMINATION OF CHLAMYDOSPORES OF 

USTILAGO ZEAE^ 

M. E. Kernkamp and M. A. Petty 
(Accepted for publication September 10, 1940) 

In the course of experimental work on the Yariability of Ustilago zeae 
(Beck.) Ung. at University Farm, St. Paul, Minnesota, the germination 
of a large number of ehlamydospores from many crosses and collections has 
been observed. Frequent deviation from the classical 4-cell promycelial 
type was conspicuous, and it appeared that certain types of promycelia 
were characteristic for given crosses and collections. 

Previous results have shown that lysis of promycelia (2) and the ten- 
dency toward production of sporidia or hyphal branches on the promycelia 
(4) are heritable characters. Other workers (1, 3, 5) have described the 
details of germination and have illustrated several types of promycelia, 
but extensive experiments to determine whether characteristic types of ger- 
mination are attributable to genetic factors have not been recorded. 

Therefore, the writers undertook to determine the range of germination 
types in several crosses and collections of Ustilago zeae and to find out 
whether there were indications that the types are governed by genetic 
factors. 

EXPERIMENTAL PROCEDURE AND RESULTS 

ehlamydospores from the sources indicated in table 1 were germinated 
on potato-dextrose agar smears on cover slips inverted over van Tieghem 
cells in Petri dishes. The Petri dishes, without covers, were placed in a 
large moist chamber, making it possible to germinate spores from several 
crosses and collections at the same time and under the same conditions. 

One hundred or 200 promycelia of ehlamydospores from each cross or 
collection were studied and records made of the number of cells in the 
promycelia, the number of sporidia on each cell, the number of hyphal 
branches on each promycelium, the number of ehlamydospores with 2 op- 
posite promycelia, the number of ehlamydospores with sporidia formed 
directly on them, and the number of lysing promycelia. 

1 Paper No. 1831 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 

Assistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, Official Project No. 65-1-71-140, sponsored by the 
University of Minnesota, 1940. 
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TABLE 1 .- — Source of olilamydos fores of Ustilago zeae 


Name of cross 
or collection 

Parentage 

Where and from 
whom obtained 

Cross 60 

51DiX51G; 

Writers 

Cross 80 

70B1X70G2 

Bo 

60 Ai X 6OA3 

Arg.Y2 X Arg.Ha 

60 AiX 60 Aa 

Bo 

Arg.Yo X Arg.Hjj 
Solopatliogenic line 72Le 

Bo 

Solopatliogen 72Le 

Bo 

Solopathogen 72M£ 

Solopatliogenic line 72Mf 

Bo 

Hastings 

Collected by writers, Hastings, 
Minn. 

Brooklyn Center 


Collected by writers, Brook- 
lyn Center, Minn. 

Wisconsin 


Collected by B. IT. Bowman, 
Madison, Wisconsin 

Collected by K. W. Kreitlow, 
Baton Rouge, Louisiana 

Louisiana 


Eield U. F. No. 1 


Collected by writers, Univer- 
sity Farm, St. Paul, Minn. 

Eieia U. P. No. 2 


Bo 

Argentina No. 1 


Collected by Br. Jose Vallega, 
Argentina 

Argentina No. 2 


Bo 


Figures 1 aiid 2 are camera-lucida drawings representing a random 
sample of some of the different types of germinating chlamydospores en- 
countered. Among these are 1-8-cell promycelia with none to several 
sporidia or hyphal branches on each cell. Some germ tubes never produce 
any sporidia but grow directly into indeterminate hyphae (Fig. 2, number 
5). Many other variations occur, but the writers want particularly to call 
attention to the predominant and characteristic types. 

The classical 4-eell promycelium is represented by numbers 16 and 18 
in figure 1. Other predominant types are: 3-eell promycelia (Fig. 1, num- 
bers 2, 4, and 6, and Fig. 2, numbers 2, 7, and 9) ; sporidia formed directly 
on the chlamydospores (Fig. 1, numbers 1, 2, 4, 8, and 13, * and Fig. 2, num- 
bers 2, 3, 7, and 11) j promycelia with hyphal branches (Fig. 1, numbers 12, 
and 19, and Fig. 2, numbers 6, 8, and 10) ; chlamydospores with 2 opposite 
promycelia (Fig. 1, numbers 10, 15, 17, and 20) ; and promycelia showing 
lysis.,'' '' ■■ ' 

The fre(iueney of germination types in individual crosses or collections 
is given in tables 2 and 3. It is evident that there is an extreme range of 
types in different crosses and collections, but one type fends to predominate 
within a single cross or collection. For example, the classical 4-cell type 
varies from 11 to 78.5 per cent, and the percentage of chlamydospores with 
2 opposite promycelia ranges from 2 to 60 in different spore lots (Table 3). 
Comparison of the prevalence of all of the predominant types between and 
within all of the crosses and collections is made in table 3. These per- 
centages do not total 100, since there are some chlamydospores that fall in 
more than one group, and others are not included in any of these groups. 
For example, figure 2, number 8, has a 4-cell promycelium and hyphal 
branches, and figure 2, number 1, has a sporidium arising from the chlam- 
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Fig. 1. Camera-lucida drawings of germinating chlamydospores of Ustilago ^eae, 
showing range of types. 


ydospore, as well as a germ tube on the opposite side from the promycelium. 

From tables 2 and 3 it is clear that one type tended to predominate in 
each of the crosses and eolleetions studied. As the differences occurred, 
even though all spores germinated in the same environment, it appears that 
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Pio. 2, Camera-lucida^ drawings of germinating ehlamydospores of TJstilago ^eae, 
illustrating particularly deviations from the supposedly normal 4-eell promyeelium. 

all of the major germination types are governed by genetic factors. This 
conclusion is supported by the fact that it already has been shown that 
tendency to lyse and for promycelia to produce sporidia or hyphal branches 
is governed by genetic factors (2, 4). 
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TABLE 3 . — The predominant germination types and percentages’^ of each in U 
crosses and collections of Ustilago ^eae 


Percentage prevalence of types indicated 


Cross or collection 

4-cell 

promycelia 

Sporidia 
borne 
directly on 
chlainydo- 
spores 

Chlamy do- 
spores with 
two opposite 
promycelia 

Promycelia 
with one or 
more hyphal 
branches 

Lysis 

Louisiana 

50.0 

1 29.5 

11.50 

18.0 

0 

Wisconsin 

78.5 

! 12.0 

5.00 

20.0 

0 

Hastings 

26.0 

44.0 

2.00 

0.0 

0 

Argentina No. 1 

36.0 

42.0 

4.00 

25.0 

0 

60Ai X 6OA3 

17.0 

43.0 

8.00 

16.0 

0 

Brooklyn Center 

11.0 

47.0 

46.00 

4.0 

0 

Cross 60 

14.0 

30.0 

33.00 

17.0 

0 

Field U. F. No. 1 

18.0 

22.0 

62.00 

1.5 

0 

Cross 80 

33.5 

33.5 

2.00 

43.0 

0 

Solopathogen 72Le ... 

13.0 

48.0 

19.00 

70.0 

0 

Solopatliogen 72M3t ... 

32.0 

38.0 

10.00 

82.0 

0 

Argentina No. 2 

45.0 

20.0 

9.00 

84.0 

0 

Field U. F. No. 2 

18.0 

28.0 

8.00 

44.0 

5 

Arg. Ta X Arg. 

25.0 

10.6 

0.66 

0.0 

76 


® Percentages do not total 100, since some chlamydospores fall in two groups. 

These results clearly demonstrate that the production of the classical 
4-cell promycelium is by no means characteristic for Ustilago in gen- 
eral, but any one of several types may be normal for a given cross or col- 
lection. In the crosses and collections studied here, only 5 types pre- 
dominated ; but the writers see no reason why any one of the other types 
could not be found to be most prevalent, if more collections or crosses are 
studied. 

SUMMARY 

The writers studied the type of germination of chlamydospores from 8 
Md collections, 4 crosses between monosporidial lines, and 2 monosporidial 
diploid, lines oi Ustilago zeae. 

Twenty-five germination types were observed; of these, the production 
of the supposedly normal 4-eell promycelium, with a sporidium on each cell, 
was neither the most characteristic nor prevalent. 

There was a tendency for a given germination type to predominate 
within each cross or collection, although there was considerable variation 
with crosses and collections. 

The 5 niost prevalent germination types and the number of crosses or 
collections in which each predominated follow: Promycelia bearing one or 
more hyphal branches in place of sporidia, 5 ; Chlamydospores functioning 
as basal promycelial cells, thus forming sporidia directly on the spore, 4; 
Chlamydospores with 2 opposite promycelia, 2; 4-eell promycelia, 2; lysing 
promycelia, 1, 

It appears that the tendency toward a given germination type is deter- 
mined by genetic factors. 
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STUDIES ON THE NATURE OF SPINDLING SPROUT 
OP POTATO^ 

G. K. Parris and Winston W. Jones 
(Accepted for publication August 19, 1940) 

Hawaii annually imports large quantities of seed potatoes for winter 
production. In the fall of 1937, several shipments of potatoes, received 
from mainland United States, particularly North Dakota, contained appre- 
ciable numbers of tubers that showed typical “spindling-sprout” or “hair- 
sprout.” Instead of possessing 2 to 3 vigorous, sturdy sprouts, these tubers 
were characteristically multisprouted, the sprouts being very slender, 
spindly, and threadlike. Fields planted with seed showing this condition 
in a fairly high percentage yielded so low as to fail to pay for the cost of 
planting. 

In this paper are to be found data on yield, number of sprouts per plant, 
and type of plant growth obtained when normal tubers are grafted with 
cores from spindling-sprout tubers and when spindling-sprout tubers are 
grafted with cores from normal tubers. Chemical analyses of normal and 
diseased tubers are also presented. 

literature review 

Relatively little exact information as to the cause of spindling sprout 
rewards a search of the literature. The condition has been ascribed to 
potato leaf -roll virus by Gilbert (1), by Morris and Young (4) to witches 
hroom virus, while Stewart and Sirrine (7) suspected that the disease was 
caused by abnormal environmental conditions, particularly excessive tem- 
perature or drought. Werner (10), however, could detect no effect of tem- 
perature or soil moisture on the productivity of seed potatoes grown at con- 
trolled temperatures, with soil moisture varied. His highest temperature 
was only 85° F. 

Leach (3) has recently summarized our knowledge of spindling sprout. 
He adds Fusarium wilt as a suggested cause, but states “it is possible that 
the condition may be caused by either of several different factors. What- 
ever the cause may be it is not definitely known.” 

1 Published with the approval of the Director as Technical Paper No. 44 of the Hawaii 
Agricultural Experiment Station. 
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Specimens of both types are shown in figure 1, A. Grafts were made by 
removing, with a cork borer, a core from one tuber and replacing it with a 
core from another. The following vegetative unions were successfully 
made: A. Core, buds absent, from spindling-sprout tuber, inserted into 
normal tuber. B. Core, buds present, one at each end, from normal tuber, 
inserted into spindling-sprout tuber. 

Two hundred tubers of each type were grafted. They were planted in 
the field, 4 rows of each, with 50 tubers in each row, 1 ft. apart in the row, 
to give 4 replications per treatment. At the same time, 200 normal tubers 
and 200 spindling-sprout tubers were similarly planted to give a total of 16 
plots. The land received a preplanting fertilization with a 15-30-6 for- 
mula, at a rate of approximately 4 lb. per row, or about 1160 lb. per acre. 

Chemical Analyses 

Analyses were made of spindling-sprout and normal tubers from the 
same bag. Twenty-five tubers of each class were selected and duplicate 50- 
g. samples extracted with 80 per cent alcohol and made up to a final volume 
of 500 cc. The remaining residue was transferred to a weighed beaker and 
dried in a vacuum oven at 80° C. The dry residue was then ground in an 
iron mortar to pass a 40-mesh sieve. Methods of analysis are described 
below: 

Solids. Total soluble solids were determined on duplicate 50-cc. ali- 
quots of the extract. 

Nitrogen. Total soluble nitrogen was determined as described by Jones 


Partition of Nitrogen. The alcohol was removed from 200 cc. of the 
extract, transferred to a 50-cc. volumetric flask, and cleared with mag- 
nesium sulphate and chloroform. Ammonia and amide nitrogen were 
determined on 5-ce. aliquots of the cleared extract, using the method de- 
scribed by Stuart (9), Amino nitrogen was determined on 2-ec. aliquots 
of the cleared extract with the micro- Van Slyke apparatus. 

Sugars. An aliquot of the alcoholic extract was freed of alcohol and 
cleared with neutral lead acetate and potassium oxalate. Keducing sugar 
was determined on an aliquot of the cleared extract by an iodine method 
(7). Sucrose was found by hydrolyzing an aliquot of the extract with 
invertase solution and then determining the increased reducing power by 
the method used for reducing sugar. 

Insoluble Residue. Insoluble nitrogen was obtained by the micro-Kjel- 
dahl method of Pregl (5). The reducing power of 1-g. samples of the 
residue, refluxed with 2.5 per cent HCl for 2^ hr. determined the acid- 
hydrolyzable polysaccharides present. 
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Fig. 1. A. Spindling-sprout tuber (right) and normal tuber, variety Bliss Triumph. 
B. Effect on sprout development of grafting a core taken from a spindling-sprout tuber 
into a normal tuber. Lower left, ungrafted tuber. 


EEStJLTS AND DISCUSSION 
Grafting 

Plants produced by normal tubers, plug-grafted with spindling-sprout 
cores, emerged from the soil 1-2 days earlier than plants from normal non- 
grafted tubers and produced a significantly greater number of sprouts per 
hill. In size of leaf and size and shape of stems, shoots from grafted plants 
compared favorably with shoots from nongraf ted plants. The effect of the 
spindling-sprout graft on sprout development of normal tubers is shown in 
figure 1, B. 

The numbers of sprouts per hill from spindling-sprout tubers and from 
like tubers, core-grafted with buds from normal tubers, were also obtained. 
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Sprouts that developed from buds grafted into spindling-sprout tubers 
were normal as to size of stem and leaf development. These normal 
sprouts are not included among the data presented in table 1. 


TABLE 1 . — Number of sprouts developed from, and yield of grafted and non- 
grafted tubers. Sprouts were counted at 40 days after planting. Yields were taken at 
$0 days after planting 


Planting material 

Sprouts per 
plant 

Yield per 50 
plants 

Normal tubers 

No. 

2.36 ± 0.24 

Lb. 

33.7 ±3.8 

Normal tubers grafted with spindling-sprout cores 
(Graft A) 

4.60 ± 0.24 

41.2 ± 3.8 

Spindling-sprout tubers grafted with normal cores 
(Graft B) 

6.15 ± 0.38 

12.8 ±4.4 

SpindHng-sprout tubers 

13.78 ± 0.35 

8.9 ± 5.4 


An interesting feature of table 1 is the smaller number of sprouts pro- 
duced by spindling-sprout tubers grafted with a core of normal material 
than from nongrafted spindling-sprout tubers. Conversely, twice as many 
sprouts per plant were present on normal tubers grafted with spindling- 
sprout as on normal nongrafted tubers. That this increased number of 
sprouts is not a wound response has been demonstrated in greenhouse 
studies, whereby plugs were removed from normal tubers and plugs from 
normal tubers have been grafted into other normal tubers. Planted side 
by side in pots, the number of sprouts produced by the wounded or the 
grafted tubers equalled the number of sprouts formed by uninjured normal 
tubers. 

Yields of the 4 classes of tubers are given in table 1. Because of the 
excessive amount of time that would have been required to harvest all 
replications, only 2 replications of the spindling-sprout tubers, and only 3 
replications of the spindling-sprout tubers grafted with normal cores, were 
harvested. These facts accounts for the differences in the S.B.m of the 
yields. Significance of all data was determined by the method of analysis 
of variance of Snedecor (6). 

Normal tubers, core-grafted with spindling-sprout plugs, outyielded 
normal nongrafted tubers, but the difference is not statistically significant. 
Likewise, there is no significant difference between the yields of spindling- 
sprout tubers and similar tubers grafted with cores from normal tubers. 
There is a significant reduction in yield due to spindling-sprout; tubers of 
this type yield less than 10 lb. per 50 plants. 

Tubers produced from normal tubers were normal in all ways. Of the 
hills developed from normal tubers grafted with spindling-sprout cores 
(Graft A), 93.4 per cent produced normal tubers, 4.6 per cent produced 
tubers of normal size but prematurely sprouted, and 2 per cent produced 
tubers smaller than normal and prematurely sprouted. Sprouts were 
undersized, but could not be described as '‘spindly.’^ 



I 

{ 

I 




344 


Phytopathology 


[VoL. 31 


Many small tubers, less than i in. diameter, were produced by spindling- 
sprout tubers. Approximately half of these diminutive tubers were prema- 
turely sprouted ; but, though undersized, the sprouts were not thread-like, 
while the other 50 per cent of the tubers were dormant. Progeny, pro- 
duced from the normal buds, introduced into spindling-sprout tubers 
(Graft B), were of normal size and not sprouted, whereas the progeny of 
the spindling-sprout tubers themselves were similar to the progeny of non- 
grafted spindling-sprout tubers described above. 

The undersize progeny of spindling-sprout tubers were segregated into 
sprouted and nonsprouted ; the latter were treated with ethylene chloro- 
hydrine to break their dormancy, and approximately 25 tubers of each class 
were planted side by side in the field. All plants that developed were dis- 
tinctly undersize, but the nonsprouted tubers produced more nearly nor- 
mal plants than tubers, which were sprouting when harvested. Fifty days 
after planting, the number of sprouts per hill were counted, and it was 
found that tubers, sprouted when harvested, produced almost twice as many 
stems as those that were not sprouted when harvested. Sprouts from 
tubers of the former type were profusely branched, as on potatoes diseased 
with witches ’ broom. Sprouts from other plants were normal as to branch- 
ing. 

The hills were harvested at 90 days and the tubers were counted and 
measured. None of the tubers formed from nonsprouted seed was sprout- 
ing, whereas almost all of those from sprouting seed were prematurely 
sprouted. The sprouts again could not be called spindly.’’ All data are 
given in table 2. 


TABLE 2. — Results of 'planting the sprouted and unsprouted progeny produced Toy 
spindling-sprout tubers. Sprouts uoere counted at 50 days after planting. Yields were 
talcen at 90 days after planting 


Type of 

Number of 
tubers 
planted 

Number of 
sprouts 
per hill 

i Number of 
branches 
per sprout 

Number of tubers 
per hill 

progeny 

Greater than 
i'' diameter 

Smaller than 
diameter 

Not sprouted 
when harvested 

25 

1.5 

1.4 

7.0 

2.8 

Sprouted when 
harvested 

25 

2.4 

3.1 

2.0 

12.4 


To determine further whether the dormant progeny of spindling-sprout 
tubers possessed the substance or substances responsible for the subsequent 
development of spindling-sprout, normal-size, normally germinating, Bliss 
Triumph tubers were grafted with cores taken from the dormant seed men- 
tioned above, and planted in pots in the greenhouse. As checks, normal 
tubers, grafted with cores from normal tubers, and normal tubers with a 
plug of tissue removed, were planted at the same time. It wms found that 
the growth, type, and number of stems per plant, of the three types of 
tubers, were identical. No data were taken on yields. 
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This result checks with previous observations and seems to indicate that 
it is possible to eliminate, by selection at harvesting, spindling-sprout from 
a potato-tuber population, affected with this disease. Leach (3) is in agree- 
ment on this point when he states “when tubers affected with spindling- 
sprout are removed, the value of the remaining tubers seems to be unim- 
paired.” 

Chemical Analyses 

In table 3 are presented the chemical compositions of the original 


TABLE 3 . — Chemioal compositions of spindling-sprout tubers and normal tubers 
from the same bag, variety Bliss Triumph. (All data, except mater, given as percentage 
of dry weight) 


Fraction 

Spindling-sprout tubers 

Normal tubers 


Per cent 

Per cent 

Water 

79.02 

75.38 

Soluble solids 

17.10 

12.12 

Glucose 

4.51 

2.03 

Sucrose . .... 

4.48 

1.93 

Total sugar 

8.99 

3.96 

Acid-hydrolyzable . .... 

73.80 

1 71.80 

Soluble nitrogen 

0.74 

0.65 

Insoluble nitrogen 

0.74 

0.98 

Total nitrogen 

1.48 

1.63 

Ammonia nitrogen 

0.0246 ( 3.32)a 

0.0158 ( 2.43)a 

Amide nitrogen 

0.0773 (10.45) 

0.0718 (11.04) 

Amino nitrogen 

0.4528 (59.98) 

0.3542 (54.26) 


a Data in parentheses are soluble-nitrogen fractions expressed as percentage of total 
soluble nitrogen. The undetermined fractions were 26.25 per cent and 32.27 per cent for 
spindling-sprout and normal tubers, respectively. 


spindling-sprout tubers and normal tubers as received in Hawaii. There 
was a greater concentration of reducing sugar, sucrose, acid-hydrolyzable 
materials, soluble nitrogen, ammonia, and amino nitrogen in spindling- 
sprout tubers than in normal tubers. For the first two of these fractions 
the differences seem large enough to be considered possibly significant, but, 
for the other differences, significance is questionable. 

Inability of the apical meristems of the buds of the tuber to synthesize 
proteins may be the cause of the accumulation of soluble carbohydrates and 
soluble nitrogen (ammonia and amino nitrogen) and the decrease in insol- 
uble material in the spindling-sprout tubers. Although this might cause 
the formation of vitiated sprouts, the underlying reason or reasons for the 
abnormal physiology are not known. 

SUMMARY 

Investigations were conducted with Bliss Triumph potatoes affected with 
spindling sprout to determine the nature of this disease. In the present 
studies, spindling sprout is defined as the premature production of thread- 
like sprouts by tubers. When affected tubers are planted, yields are much 
less than when normal tubers are planted. 
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Spindling sprout is not transmitted by grafting. When normal tubers 
are grafted -with cores taken from spindling-sprout tubers, the eyes of the 
normal tuber are stimulated and a larger number of healthy stems are pro- 
duced than are formed by normal tubers, or by normal tubers grafted with 
cores from normal tubers. Eyes from normal tubers grafted into spin- 
dling-sprout tubers form shoots that are normal in leaf and stem develop- 
ment. 

Yields of normal tubers grafted with spindling-sprout cores were higher 
than yields of normal nongrafted tubers or normal tubers grafted with 
normal cores. The differences found are not statistically significant. 

The progeny of spindling-sprout tubers may be prematurely sprouted 
or dormant at harvest; the sprouts are not threadlike or spindly, though 
they are smaller than normal. When planted, nonsprouted progeny be- 
have like normal plants, whereas sprouted progeny produce sprouted 
tubers. These sprouts are again smaller than normal, but are not thread- 
like or spindly. 

Indications were found that it is possible to eliminate spindling sprout 
from a tuber population by selection at harvesting. 

A chemical analysis of spindling-sprout tubers and of normal tubers 
from the same bag of seed is presented. Spindling-sprout tubers contained 
a greater concentration of reducing sugar, sucrose, acid-hydrolyzable mate- 
rials, soluble nitrogen, ammonia, and amino nitrogen than was found in 
normal tubers. For the first two fractions mentioned, the differences found 
are large enough to be considered possibly significant. 

Spindling sprout may possibly be due to an inability of the apical meri- 
stems of the buds of a tuber to synthesize proteins. The reason or reasons 
for the abnormal physiology still remain to be demonstrated. 

Hawaii Agricultural Experiment Station, 

Honolulu, T. H. 
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THE BLACK ROT OF BAEBAREA VULGARIS 

Walter H . Burkholder 
(Accepted for publication September 11 , 1940) 

During the last 10 years the black rot of cabbage and cauliflower, caused 

Fhyiomonas campestris (Pammel) Bergey et al. has not been a serious 
problem in New York State. This has been so because most of the seed 
planted has undergone the hot- water treatment, which destroys the bac- 
terial pathogen. The severe systemic symptoms of the black rot have dis- 
appeared from the State except in isolated cases. One symptom of the 
disease, however, is still present, especially on cauliflower. This is a late 
infection of the leaves, manifest as numerous local lesions. The appearance 
of this type of black rot is similar to the peppery spot of cauliflower caused 
by Phytomonas Bergey et uZ., and has been de- 

scribed from Long Island by Clayton.b Many isolations have been made 
by the writer from these small local lesions, Avhich appear late in the season, 
and in all cases Phyt. campestris has been obtained. Phyt. maailicola has 
been isolated several times and only then from specimens collected early in 
the season. Twenty-three isolates oi Phyt. campestris from these local 
lesions have been shown able to produce typical systemic black rot in cauli- 
flower and cabbage. There is no evidence of strain differences. 

Since black rot is not present in the cauliflower fields up to August and, 
after that, only as local lesions, the question arises: whence comes the pri- 
mary inoculum 1 Not from the cauliflower seed or seedlings, because, were 
such the case, the disease would appear in typical black-rot symptoms early 
in the growing period. One answer to the question might be that the inocu- 
lum is carried from diseased crucifer weed hosts near the caulifllower fields. 
The pathogen is known to infect Brassica arvensis^ which is an annual and 
wuuld not be able to over- winter the organism. It likewise infects B. nigra, 
another annual, which also at times may be a winter annual. Under the 
latter condition, however, this plant dies early in the season after producing 
seed. These hosts, therefore, could hardly harbor the pathogen, which gives 
rise to late infection. Furthermore, the writer has never been able to obtain 
more than light infection on these 2 species of Brassica with Phytomonas 
campestris. One crucifer weed, ubiquitous in New York State and a bien- 
nial, or perennial, is winter cress, Bart area vulgaris R. Br. Gonse- 
quently, this plant fell under suspicion, and a search for a disease on it, 
other than the universal yvhite spot Ganged hj Bamtdaria 1) art) areae Pk., 
was undertaken. Such a disease was found readily, which produced in 
appearance black rot symptoms on the leaves. Small spots, at first green 
and water-soaked and later blackish, were observed. These lesions extended 
cloMui the stem and killed the leaves. Examinations of the lesions showed 
them to be full of bacteria, and isolations revealed that the bacteria in cul- 

1 Clayton, E. E. Studies of tlie black-rot or blight disease of cauliflower. New York 
State Agr. Exp. Stat. Bull. 576. 1929. 
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ture A¥6re identical in appearance witli Phyt. cGwpcstvis. Two isolations 
from cauliflower and 4 from winter cress g‘ave the following, characteristics. 

Bods 1 0 to 3.15 by 0.4 to 0.95 fx. Motile, with a single polar flagellum. Graimnega- 
tive. On beef -extract peptone agar, colonies circular, yellow, smooth, butyrous, growth 
moderate. Growth on potato-dextrose agar abundant, pale yellow and mucoid. Broth 
becomes turbid, with yellow granular ring. Gelatin liquefied. In milk, litmus is reduced, 
there is light curd formation with clearing and production of tyrosine crystals. No iiidol. 
HoS produced. Nitrate utilized but not reduced to nitrites. Asparagine not utilized. 
Acid from dextrose, galactose, xylose, glycerol, maltose and sucrose. Utilization of salts 
of malonic, malic, citric, and succinic acid with alkaline production. No utilization of 
rliamnose, saliein, nor hippuric acid. Starch hydrolyzed. Aerobic. 

Inoculation experiments, however, proved the winter-cress organisms to 
be' different from the cauliflower pathogen. The isolates from Barbarea 
vulgctfHs produced the typical disease on its host plant, but not on horse- 
radish and but very slight to no infection on cauliflower. The cauliflower 
organism produced good infection on its host plant but no infection on 
B. vulgaris and very slight infection to none on the horseradish. Tliese 
experiments were carried out under favorable conditions of moisture, and 
the plants were injured slightly by pricking with insect-mounting needles. 
Where a slight infection seemed to occur on cauliflower, after inoculation 
with the Barbarea organism, examinations showed no increase of bacteria 
in the lesions but rather a diminishing number. 

During this investigation several isolates of PliyUnumas campestris var. 
armor aciae (McCulloch) Bergey et al. were obtained from diseased horse- 
radish. Their pathogenicity was proved on this host, and inoculations were 
made on cauliflower and winter cress. On these two latter plants infection 
was none or very slight. Thus the 3 pathogens were shown to be different 
pathologically. 

R. Lincoln endeavored through repeated inoculations of cauliflower 
with the Barbarea organism to build up a strain that would produce a dis- 
ease in this latter plant. He was unsuccessful, however. The possibility 
of such a change occurring in the field during the growing season seems, 
therefore, rather slight. 

Since the pathogen from Barbarea vulgaris is distinct from other organ- 
isms as far as one can ascertain, it seems desirable to give it a name. 
Phytomonas barbareae, n. sp. is proposed. If one accepts Dowson’s new 
genus, Xanthomonas^ and this should be considered seriously, the name 
would he Xanthomonas barbareae. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, N. Y. .. . 

2 Dowson, W. J. On the systematic position and generic names of the Gram-negative 
bacterial plant pathogens. Zentralb. f. Bakt. Par. und Infek. II Ab. 100; 1939. 
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Rosy Canke) of London Plane Associated with Illuminating-gas Injury. 
—In connection with studies of canker and wood stain (Ceratostomella sp.) 
of the London plane, another striking' canker has come under the writers’ 
observations. The condition was first observed in Baltimore, Maryland, 
in 1939. It has since been seen on Staten Island, New York, and in New 
Jersey. Some of these locations were called to our attention by P. P. Pirone 
of the New Jersey Agricultural Experiment Station, E. G. Eex of the New 
Jersey State Department of Agriculture, and E. A. Rundlett of the New 
York City Department of Parks. 

In 7 of 8 locations it lias been definitely established that illuminating 
gas had escaped into the soil near the affected trees. For the other location 
there is no unquestionable evidence yet available concerning gas leakage. 
The writers believe that this canker probably is a response to poisoning by 
illuminating gas in the soil. 

The cankers are very striking with their furrowed, hypertrophied, more 
or less decorticated centers composed of rosy to brown proliferated tissue 
(Fig. 1). The baik is pushed away from the wood by an excessive pro- 
liferation, which foims a soft, ’watery, rose-color mass of tissue composed 
of thin-walled cells. The color chaimes from rose to brown n-no-n 


raised, though not loosened, the rose color persists in the proliferated 
tissue. If the soft proliferated tissue, which in some cases may be f in. 
thick, reminding one of the flesh of a watermelon, has not been too long* 
exposed to drying, it can be scra]ied awiiy easily with the finger. Sometimes 
there is a slight odor of fermentation associated with the soft tissue. A.fter 
drying, the proliferated tissue becomes hard, brown, and roughly furrowed. 
This dry, brown tissue can be recognized on some trees at least a year a.fter 
the cankers have formed. 

The branch or trunk cankers ai*e of irregular shape, but tend to be 
elongate. Early stages of the cankers are evidenced by slight swellings 
with longitudinal and transverse fracturing of tlie bark. Sometimes a 
faint to distinct pink to rose color can be found in the bark where no external 
evidence of canker can be seen. 

Stone^ described a somewhat similar ccinker on Populus deli aides Marsh, 
that was called to his attention by James Walker of Newark, N. J. Stone 
stated, 'Hhe tissue was perfectly white and fresh in appearance, was easily 
broken and apparently as delicate as the tissue of an apple. Later the tissue 
turned brown and disintegrated and became slimy hi appearance.'’ Stone 
also remarked that on willow cutti.ngs growing in water charged with gas, 
the bark often split and a mucilaginous mass formed under the bark. 

1 Stone, G. E. Effects of illiiraiiuiting gas on vegetation. Ann. Rent Mass Ap-t 
E xp. Sta. 25: 45-60. 1913. * • ■ - 





Fig. 1. Trunk of London planetree with typical rosy canker. The bark had cracked 
from the wood and curled back. The centers of the cankers were covered with the dry 
fissured remains of the formerly soft rosy proliferated tissue. Rosy tissue was present at 
the canker margins. Photograph by P. V. Mook. 


The top of the stump of one severely cankered London plane showed 
brownish-pink spots in the wood of a few of the outer annual increments 
and scattered, diffused, pink spots nearer the center. On making smooth 
cuts across the central portion of the stump, rich-red, pin-point spots sur- 
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roimdecl by nondiscoiored wood were disclosed. Droplets of red liquid 
exuded at these points and enlarged to pinhead size before spreading over 
the smoothed transverse section to form pink blotches. On this tree some 
branches 1 in. in diameter had a pale-pink discoloration of the inner bark 
and of the cambial region 20 ft. from the nearest recognized canker. 

Numerous platings of the inner portions of the proliferated tissue and 
the pink wood have been made, but the material has regularly proved sterile. 

Six trees, found to have severe cankering of the above-described type, 
are known to have died during the past year. Sixteen cases, with slight to 
moderate cankering, are still under observation. On one street several 
Norway maples have been killed by the escaping gas but the London planes, 
severely cankered, are still alive. Further study may show that planetrees 
with early stages of this type of canker can be saved by promptly stopping 
the gas leak and aerating the soil. — C. May, J. M. Walter, and P. V. Mook, 
Division of Forest Pathology, Bureau of Plant Industry, U. S. Department 
of Agriculture, Morristown, N. J. 


Resistance to Floral-infecting Loose Smut {Ustilago nuda) in Fall- 
sown Barley Varieties at Statesville, North Carolina. — ^Nursery records at 
the Piedmont Branch Experiment Station, Statesville, N. C., during the 
past 8 years have shown a prevalence of loose smut of barley in that area 
and a difference in varietal susceptibility to the disease. 

To obtain more specific information on certain varieties, floral-inocula- 
tion studies were carried on in the 3-year period 1937-1939. Ten strains of 
barley were used, though not all "were inoculated each year. Locally col- 
lected inoculum, identified as the floral-infecting loose smut (Ustilago 
nuda) by V. F. Tapke of the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, U. S. Department of Agriculture, was used throughout 
the experiment. Moore ’s’^ partial-vacuum method was used in making the 
inoculations. 

Heads of approximately the same degree of development were selected 
and tagged as they were inoculated. When these were mature they were 
harvested and threshed by hand. Seed from each head was sown in a sepa- 
rate 5-foot row that fall and the percentage of infected heads detennined 
the following spring. A summary of the results secured for the entire 
period is given in table 1. 

The data show a decided difference in varietal susceptibility, but would 
have been more conclusive had there been less variation in the results within 
the individual varieties. Even in the most susceptible strains less than 50 
per cent of the inoeulated heads produced smutted plants the following 
year, and, where smut did appear, the percentage of plants affected varied 
from 72 to a trace. 

This method of inoculation was found to be rather rapid (two people 
working together could easily inoculate 30 heads per hour), and would be 

1 Moore, M. B. A partial vacuum method for the inoculation of wheat and harloy 
with loose smut. Phytopath. 26: 103. 1936. 
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TABLE 1 . — Summary of results of inoeulating 10 varieties of barley with Vstilago 

nuda 


Variety or strain 

Total number of 
heads inoculated 

Percentage inoculated 
heads producing smutted 
X:)lants 

N. G. Bearded 70 

20 

45.0 

,'36.5 

Tennessee Hooded 

74 

N. C. Bearded 68 

78 

34.b 

K 0. Bearded 83 i 

10 

20.0 

Tenn. Winter 

10 

10.0 

N. C. Beardless 26 

75 

6.7 

N. C. Beardless 23 ..... 

6 

0.0 

F. C. Bearded 11 

6 

0.0 

N. C. Bearded 15 

: 17 

0.0 

Odessa 

3 

0.0 


very useful if more consistent results could be obtained. Tliinking* that 
some improvement might be made by using heads of the same degree of 
maturity, 3 of these barleys were chosen and 70 heads of each selected and 
tagged just as their heads broke through the boot. Ten heads of each 
variety were then inoculated on each of 7 successive days. During this 
period there was neither rain nor abnormal changes in temperature. 

The best results were secured from the second to the fifth day with the 
peak occurring on the fourth. Fi*om inoculations on this day, 6 out of 9 
heads of Tennessee Hooded and 7 out of 10 of N. C. Bearded 68 produced 
some smutted plants the following season. In those head rows where smut 
did occur, howevex', the percentage of heads infected valued from 3.33 to 
72.41 and fi-om 5.07 to 61.54 for these two strains, respectively, with the 
average percentage being only 17.1 and 14.8. The third strain, N. C. 
Beardless 26, produced no smutted plants in this experiment. 

While the selection of heads of uniform maturity seemed to increase the 
effectiveness of the inoculation to some extent, there is need of still further 
improvement in technique under the conditions of this work. This will be 
especially important when working with varieties that are only slightly 
susceptible or that have been found difficult to infect. An illustration of 
this was observed in 1940 while carrying on further studies with the 4 
strains listed above that failed to produce any smutted plants in previous 
years. In the spring of 1939 these were inoculated by Tapke’s'^ method of 
puncturing the glumes and introducing the inoculum with forceps. By 
this method some infection was obtained with 2 of these 4 strains; 7.9 per 
cent of all heads of Odessa and 1.2 per cent of N. C. Bearded 15 smutting 
in 1940. 

This is not a comparison of the efficiency of the two methods, as they 
were used in different years and a larger number of heads were inoculated 
by the latter method. It does, however, further emphasize the need of 
improved technique if fine distinctions are to be made between varieties. — 

2 Tapke, Y. F. A study of the cause of variability jn response of barley loose smut 
to control through seed treatment with surface disinfectants. Jour. Agr. Ees. [U. S.] 
31:491-568. 1935. 
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A New Case of Rosette Mosaic on Peach.~ln 1938, a peach tree was 
found in Kockland County, New York, with s.ymptoms hitherto not ob- 
served in that State. The stunted character of the affected tree was in 
striking contrast to that of the normal, surrounding trees. Extreme 
shoitening of the inteinodes, with conseij^uent crowding of the foliage re- 
sulted in a rosette type of growth. Although resembling in some re^'spects 
peach rosette, an old and widely knowm virus malady, it differed in being 
much less severe on tlie tree and in leaf characters. Instead of chlorosis 
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and curling or inward rolling of the leaves, as in peach rosette (Pig. 1, A), 
there was a peculiar wavy type of growth, apparently identical with what 
has been called by Cation^ Michigan rosette or rosette mosaic. 



Ill rosette mosaic, distortion and local clilorosis or mosaic arc o.f .frequent 
occurrence, especially on the younger leaves, which develop at the cooler temperatures of 
early spring. 

Transmission to healthy Blberta peach trees in the greenhouse was 
readily accomplished by budding. All 10 trees, inoculated during late 
summer, showed symptoms shortly after starting growth the following sea- 
The inoculated trees, when stored outdoors until January 15, and 
then brought inside, were showing symptoms on February 17. The first 
symptom of leaf distortion was accompanied within a week by chlorotic pat- 
terns or mosaic of the leaf blade (Fig. 2). Both chlorotic spots and leaf 
distortion were present on some but not all the leaves when the tempera- 
ture averaged below 70"^ F. Similar symptoms were obtained witii bud 

1 Cation, Donald. An infectious rosette of peach trees. Mich. State Quar. Bull. 16 ; 
79-84. 1933. 
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wood of rosette mosaic from Micliigan, leaving no doubt as to the identity 
of the trouble. 

The mosaic symptom gradually disappeared as the season advanced, 
whereas the wavy character of many of the leaves, rosetting of the foliage, 
and stunting of the trees persisted. A typical affected tree on March 25 
is illustrated in figure 1, B. Certain of the inoculated trees produced fruit 
that ripened during the first week of May. The ripe fruit was of uniform 
naphthalene-yellow^ and of good taste. On the same date the fruit on sev- 
eral adjacent healthy trees was still immature. 

The grower concerned had noted this peculiar tree for several seasons 
prior to 1938. In view of the fact that no spread has occurred it is sug- 
gested that the vector responsible for its dissemination in Michigan may 
not be present in New York. 

In prune mosaic^ a somewhat similar wavy-leaf condition, occasionally 
accompanied by chlorotic spots, has been induced on Elberta peach by bud- 
ding from the prune (Hildebrand, unpublished). The effect of prune 
mosaic on the peach was much milder than that induced by rosette mosaic, 
and the peach trees appeared largely to recover from the former but not 
from the latter. While important differences exist, it is possible that the 
viruses involved may be related. — B. M. Hildebrand, Cornell University, 
Ithaca, N. Y. 


Cherry Yellows {Physiological Yellow Leaf) in New York. — ^Yellow leaf 
of the sour or pie cherry {Prunus cerasus L.) was first described as a non- 
parasitic disease by Stewart.^ Occasionally the leaves were observed to 
turn yellow and fall prematurely in large numbers. It was distinguished 
from leaf spot {Goccomyces hiemalis Higgins) by the absence of leaf lesions 
and was believed to be caused by unfavorable soil and weather conditions, 
since it was not preventable by spraying. Gloyer and Glasgow^ found the 
so-called physiological yellow leaf affecting as high as 60 per cent of the 
foliage of cherry trees, and observed that it occurred independently of the 
leaf spot and was not influenced by applications of. fungicides. Further- 
more, the points were stressed that it was particularly associated with non- 
vigorous trees growing in poorly drained locations and often with trees 
suffering from winter injury. They noted also that some of the leaves 
became yellow only in part. 

Plant-disease-survey records at Cornell reveal the presence of physio- 
logical yellow leaf in New York every year since 1928. In that year it 
caused a heavy leaf drop in individual trees and similar heavy defoliation 

sBidgway, E. Color standards aiid color nonienelatnre (Washington). 44 p,, 53 
colored plates. 1912. 

3 Thomas, H. Earl, and E. M. Hildebrand. A virus disease of prune. Phytopath. 26 : 
1145-1148. 1936. ^ ^ ^ 

1 Stewart, E. C. Notes on New York plant diseases, II. New York (Geneva) Agr. 

Exp. 8tat. Bull. 463. 1919. 

2 Gloyer, W. O., and H. Glasgow. Defoliation of cherry trees in relation to winter 
injury. New York (Geneva) Agr. Exp. Stat. Bull. 555: 27 p. 1928. 
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was recorded for 1931, 1935, 1937, and 1938, witli less apparent damage in 
the intervening years. 

Its earliest recorded appearance during the respeetive seasons varied 
from June 16 to July 6. By July 15 leaf fall had usually terminated for 
the season. Marked trees in Wayne County have shown the trouble each 
severe year since 1930. 

This so-called physiological yellow leaf has been observed in other 
cherry-producing States including Michigan and Wisconsin. The time of 
leaf fall and the character of the injuiy agree closely between the States. 
What had previously been called physiological yellow leaf or ^‘boarder 
tree^’ in Wisconsin was recently demonstrated to be transmissible by 
budding and therefore of virus origin (Keitt and Clayton*'*’^). Because of 
unforeseen circumstances, the results of the original transmission tests 
started here in 1935 were lost. However, based on transmission tests now 
in progress and on observations made by the writers over a period of years 
in New York and on two occasions in Wisconsin during the 1940 season by 
the senior writer, little doubt remains that the same disease is involved in 
both places and that physiologicah yellow leaf is the cherry-yellows virus 
disease. Cherry nursery stock imported into Wisconsin from another State 
ill the spring of 1940 was showing yellow-leaf symptoms only a few months 
after planting on the occasion of the aforementioned visit. The appearance 
of symptoms so soon after planting is good evidence that the young trees 
contained the virus when planted. Apparently the nurserymen are not 
aware of the disease in nursery stock which may account for its widespread 
distribution. 

Although agreeing rather closely in leaf symptoms and time of leaf fall, 
affected trees in New York seem to suffer less than in Wisconsin from the 
more severe type of injury, which greatly reduces the spur system and fruit 
yields. As a result the light-bearing boarder ’Hyjie of tree characterized 
by its reduced spur system, lighter green foliage and stubby erect twig 
growth has been less in evidence in this State. While many of the facts are 
not known it is possible that the more sevei'e climate of Wisconsin may 
intensify the effects of the disease. 

Studies now in progress may possibly clarify these points. — B. M. 
Hildebrand and W. D. Mills, Dept, of Plant Pathology, Cornell Univer- 
sity, Ithaca, New York. 


Cttrus Viruses , — A simple, easily applied pro tern, manner of naming 
viruses^ has been suggested recently with proposals for names for certain 

3 Keitt, G. W., and C. N. Clayton. A destructive bud-transmissible disease of sour 
cherry in Wisconsin. Pliytopath. 29: 821-822. 1939. 

4 «... ^ ^ budUransmissible chlorosis of Prunus cerasus. 

PhytoiDatli. (Abstract) 30: 13. 1940. 

1 Pawcett, Howard S. Suggestions on virus nomenclature as exemplified by names 
for citrus viruses. Science 92: 559-561. 1940. 
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citrus viruses. Tlie rule for names of pro tern, genera is to ''add the stem 
'vir^ for virus (Latin neuter) to the Latin genitive of the genus of the host 
in which the virus ivas first discovered and recognized, dropping any final 
consonants that occur in this genitived’ This gives to citrus viruses the 
genuSj Citrivir, meaning a virus of citrus. The description of citrus 
viruses, the transmission of which has been determined, are : 

Citrivir italicum (italiciim = pertaining to Italy). The virus causing infectious mot- 
tling of citrus. Causes white, pale-green, or yellow irregular areas in leaves, leaving 
narrow green hands along midrib, as described by Petri.2 Leaves also blistered and mis- 
shapen. Found only on sour orange leaves associated with Toxoptera aurantidi in Italy by 
Petri, who considered this aphis to be the vector. 'No physical or chemical properties of 
the virus known. 

Citrivir psorosis (psorosis, Latin genitive of i^sorosis^of the disease known as 
psorosis) . The virus causing psorosis of eitrus.3> 4 Induces on young, tender leaves small 
elongated, light-color areas or flecks in the region of the small veinlets and sometimes 
warping of leaves. Sometimes causes veinlet clearing and irregular zones of clearing in 
an oak-leaf -like or other type of pattern. Also causes sealing of outer layers of bark or 
depressions and deformities in bark and wood. Causes spotting on mature leaves rarely 
except with var. anulatitm. Has been transmitted only by tissue fusion. No vector known 
except man. 

Var. 'Fitlgare (vulgare = general, common) . The virus of psorosis A, or the common 
scaly bark type.-^^ ^ in addition to the young leaf symptoms, common to all varieties, this 
variety causes slow scaling or pustular eruptions of outer layers of bark in limited areas, 
with or without exudation of gum. Later, produces a drab-gray, cinnamon-drab to rufus 
discoloration of the wood, accompanied by the decline of the tree. Transmitted by tissue 
fusion. World- wide in distribution. 

Var. anulatnm (anuiatum = with a ring). The virus of psorosis B, a distinctly dif- 
ferent type from A (Faw^cett3»4). Causes a rapid scaling of outer bark in continuous 
areas that progresses very rapidly along one side of trunk or branch causing necrosis. 
Gum exudation in advance of scaling. Large circular spots, frequently in form of rings 
or zones, sometimes concentric, on fruit and mature leaves. Causes also circular or semi- 
circular furrows and bumps on some fruit. Trees decline rapidly after initial scaling. 
Occurs only occasionally in California. Leaf and fruit symptoms attributable to this 
virus are similar to zonate chlorosis of Brazil. Transmitted by tissue fusion. 

Other possible varieties or strains of the psorosis virus are those causing 
concave gum disease and blind pocket. The relationships of these are being 
further studied before adopting possible names such as var. eoncavum (con- 
cave) and var. alveatum (hollowed out like a trough). — Howard S. Faw- 
cett, Citrus Experiment Station, Eiverside, California. 

Powdery Mildew of Potato in Kentucky.'^— DuTing the fall of 1940 
seedling potato plants that had been growing in 4-inch pots in the green- 
house at the Kentucky Agricultural Experiment Station since the previous 
spring were observed affected by a powdery mildew. The leaves were 
covered with powdery masses of spores on both sides. Only leaves on old 
shoots were affected, many new shoots were entirely free from visible infec- 
tion. Before the leaves died perithecia developed on a few of them. 

2 Petri, T. Variegatura infettiva della foglie ^'Citrus vulgaris’^ Bisso. Bob B. Staz. 

Bat. Veg. (n. s.) 11: 105-114. 1931. 

3 Fawcett, Howard S. Psorosis: In citrus diseases and their control. (2nd Ed.) 
pp. 188-203. McGraw-Hill Book Co. (New York). 1936. 

4— . Is psorosis of citrus a virus disease! Phytopath. 24: 659-668. 

1934 .' ■ ■ /' ^ ■■ , \ 

i Published by permission of the Director. 
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Conidia, 100 of whicli were measured, averaged 32.8 long by 13.8 n 
wide, and varied from 25.5 to 38.2 p long and 10.9 to 18.2 p wide. This is 
slightly smaller than the spore size reported by Knnkel,^ bnt this may be 
accounted for by the fact that the spores measured in the present instance 
were from leaves producing perithecia and were somewhat shriinken. 

The perithecia were dark-brown, bore indeterminate hyphadike ap- 
pendages, and measured 127 to 136 p in diameter. Perithecia contained 
from 4 to 10 or more asci. Excepting a single trispornlate ascns, the asci 
Avere all bisporulate. Asci, 30 of Avhich Avere measured, ranged in length 
from 54.5 to 72.7 p and in Avidth from 25.5 to 36.4 p, Avith an average of 59.1 
by 31.4 p. The asci AA^ere more or less stalked. Ascospores averaged 21.3 
by 13.8 p and ranged in size in the 39 measured from 16.4 to 27.3 p long by 
10.9 to 20.0 p AAude. 

The fungus was tentatwely identified as Erysiphe cichoracearum BC. 
by the writer. Specimens sent to the Division of Mycology and Disease 
Survey were assigned by J. A. SteA^enson to this species. He commented 
as follows : ‘/The Kentucky specimen comes within the range of this species 
as delimited by Salmon. Those AAho would split up species complexes of 
this kind w’^ould certainly assign the Solanum species elscAvhere. It is inter- 
esting to note that potato inildeAv in Europe has been referred to Oiditim 
solani AiieioTe^ and Erysiphe soZam Vanha, but no perithecia have ever 
been reported.^’ H. A. Edson commented that “reports of Erysiphe solani 
on Irish potato have been received by the Survey from Ncav Jersey and 
Oidium species from PennsylAmnia. A specimen of mildeAv aa^s received 
from the greenhouses at Beltsville in December, 1938.^ —W. D. Valleau, 
Kentucky Agricultural Experiment Station, Lexington, Kentucky. 

Inocidation of Cotton Plants in Sand Gnltiire with Phymatotrichiim 
Boot Mot.— Cndier sand-culture conditions in the gTeenhouse, preAdous inocu- 
lations^ of cotton plants with the root-rot fungus {Fhymatotrichiim om- 
nivorum (Shear) Duggar) have not been wholly successful. Lesions AA^ere 
found on the lateral or tap roots, but the plants in sand often shoAA'ed no 
aboveground symptoms of this infection. With soil-growui plants, hoAvever, 
inoculation AAuth root rot has been successfuP' under both field and 
greenhouse conditions. 

In a recent experiment mature cotton plants, groAviiig in Avashed sand 
under greenhouse conditions, have shown positive infection after inoculation 
Avith the cotton root-rot fungus. A successful inoculation technique of this 

sKunkel, L. 0. Powdery mildew of potato in New JerseA\ Pliytopath. 26: 392- 
393. 1936. 

1 Blank, L. M. The susceptibility of cotton seedlings to ’Pliymatotricliiim omriivorurn. 
Pliytopath. 30: 1033-1041. 1940. 

2 Taubenhaus, J. J., and D. T. Killough. Texas root rot of cotton and methods of 
its control. Tex. Agr. Exp. Stat. Bull. 307. 1923. 

3 Taubenhaus, J. J., B. F, Dana, W. N. Ezekiel, W. J. Bach, and J, P. Lusk. A 
method^o^f^ inoculation for Phymatotriehum root rot investigations. Phytopath. 19: 167- 

^ Neal, D. C., and G. T. Ratliffe. Infection experiments with the cotton root rot 
tnngXLs, myrnatotrichum omnivonim. Jour. Agr. Bes. [U. S.] A3: 681-691. 1931. 





Cotton plants in 3 -gal. jars oi sand showing results of Pliymatotrichum 
^tion, 2 weeks after inoculation. Left, plant showing first aboveground 
liter, control; right, advanced stage of infection. Note mound of soil at base 
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sort might be useful in studying the effects of certain variables upon the 
susceptibility of cotton to root rot, under partly controlled conditions. 
With the technique used, more than 90 per cent of the plants showed wilting 
symptoms, indicating positive infection, within 3 weeks after inoculation. 

In this experiment, the cotton (var. Kogers’ Acala) plants were grown 
in glazed jars filled with washed river sand with daily additions of 1 1. of a 
nutrient solution having the following approximate concentration : N— 100 
p.p.m.; P—30 p.p.m.; K— 40 p.p.m.; Mg— 10 p.p.m. ; Ca— 10 p.p.m. ■ B— 1 
p.p.m. These elements were supplied as NH4NO3, KH^PO*, MgSO* 
0a(NO3)2, and HsBOa, respectively. The nutrient solution was adjusted to 
about 5.8 pH with sulphuric acid. Tap water (pH 8) was added to the plants 
as required between the applications of nutrient solution. Under green- 
house conditions, the soil temperature varied from 26 to 34° C. The size of 
the plants and the general appearance of those infected are shown in figure 1. 

The inoculation procedure consisted in the placement of a small mass of 
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Fig. 2. Taproot and larger laterals of a sand-grown cotton plant showing infection 
with JP. omnivoTum, Note constriction, L, of stem at point of inoculation and the dark- 
ened lesion extending down the taproot. Other legend: S, washed sand (culture me- 
dium); M, mound of Houston soil; I, inoculum; L, lower extremity of taproot lesion. 


soil and inoculum around the stem of the plant approximately at the surface 
of the sand culture. First, the surface sand was removed close to the cotton 
plant, exposing the stem down as far as the uppermost lateral roots. The 
depression in the sand thus formed around the stem was then filled with non- 
sterile Houston black clay, making a ring of soil around the stem about 2 cm. 
deep and 5 cm. wide. This highly calcareous soil medium favors especially 
the growth of the root-rot fungus. Several sclerotia^ from 1-month-old 
sterile Houston soil (plus cotton seed or cowpeas) cultures were placed near 
the stem on this layer of soil. The pathogenicity of the isolate of Phymafo- 
trichiim omnivorum used had been demonstrated in other experiments.® 

5 Similar results with a few plants were obtained when i)ure cultures of the fungus 
on pieces of autoclaved cotton stem were used in place of the sclerotia as inoculum. 

6 See footnote 1. 
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Another layer of Houston soil was next placed directly on top of the pre- 
vious layer and the inoculum, making* a small mound from 6 to 8 cm. in 
depth, as is shown in figure 2. This mound of soil, with the inoculum im- 
bedded near its center, was pressed firmly against the plant stem and also 
against the sand. 

As a result of inoculating 75 3-month-old cotton plants by this method, 
68 of the plants (91 per cent) were brought to a state of permanent wilting 
within 21 days after inoculation. The remaining 7 showed root lesions that 
probably would have caused the death of these plants eventually. On the 
average, the plants required 14.5 days to become permanently wilted. The 
first aboveground symptoms (waiting) appeared in some cases as early as 8 
or 10 days after inoculation. A definite, constricted, cankered area covered 
with the browniish mycelium could be found completely surrounding the 
stem where the Houston soil came in contact with the plant, several days 
before wilting took place. In most cases, the infection as shown by the 
brown cankered area on the taproot had extended well down among the 
larger lateral roots by the time wilting had taken place (Pig. 2). — ^A. A. 
Dunlap, Texas Agricultural Experiment Station, College Station, Texas. 

Olive Knot Induced on Bvecies of the Oleaceae hy Artificial Inoculations. 
— Phytomonas {Bacterium) savastanoi (E.P.S.) Bergey, et al. is the causal 
organism of the olive knot on Olea europaea. Smith^ has induced similar 
knots by Phyt. savastanoi on species of the Oleaceae : Fraxinus velutinus, F. 
fi,or%bunda, Adelia {Forestiera) acuminata^ Chionanthus virginica, Osman- 
thus aquifolium, Jasminum primulmum^ and Olea chrysophylla.^ 

Recently, d ’Oliveira*^ reports knots produced artificially by Phytomonas 
savastanoi on Fraxinus angustifolia, Forsythia intermedia^ F. viridissima, 
and on the wild olive of Portugal, Olea europaea var. oleaster, and 0. 
europaea var. sativa. The inoculation of leaves of Phillyrea media pro- 
duced rugose proliferations along the veins. 

This paper reports some inoculations with Phytomonas savastanoi on 
the following species of the Oleaceae : Forestiera neomexicana Gray, Ligus- 
trum henryi Heinsl., L. japonica L. lodense, L. nepalensis Wall, L. 

ovalifolium Hassk., L. sinensis Lour., Olea capensis Linn., 0. fer rug inea 
Royle S.P.I. 22324, 0. laurifolia Lam., 0. verrucosa hink., S.P.I. 29047, 
Osmanthus americanus Benth. and Hook., Os. aquifolium Sieb., {Os. ilici- 
folium Hassk.), Phillyrea decora Boiss. and Bah, S.P.I. 1022541, Syringa 
vulgaris 2 ^crsicaYeiV. laciniataYahl. 

The inoculations were made with pure cultures of Phytomonas savas- 
tanoi on the current-year growth of plants growing in the open and in the 

1 Smith, Clayton O. Pathogenicity of the olive-knot organism on hosts related to 
the olive. Phytopath. 12: 271-278. 1922. 

2 Smith, Clayton O. Olive knot on Olea chri/sopha/ZZa. Ph 3 Uopath. 24: 307-308. 
1934. 

3d ^Oliveira, Maria de Lourdes. Inoculagoes experimentais com o Bacterium savas- 
tanoi E. F. Smith e o Bacteritm savastanoi var. frmini N. A. Brown. Agron. Liisit. 
1: 88-102. 1939. 
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lathhouse. Five inociilatioiis in a series were made with controls. Olea 
eiiropaea was included with the other species and was used to test the viru- 
lence of the organisms. 



Fig. 1. Artificially induced knots on species of the Oleaceae. A. Olea verrucosa 
after 24 months. B. 0. ferruginea (S.P.I. 22324) after 6 months. C. 0. laurifoUa after 
6 months. B. Forestiera neomexicana after 3 months. E. Osmantlms americanus after 
6 months. F. Olea capensis after 17 months. Gr. Osmantlius aqiiifoUum after 17 months. 

The results gave knots (Fig. 1) on Olea capensis, 0. vermcosa, 0. fer- 
niginea, 0. laurifoUa, Forestiera neomexicana, Osmantlms americanus, and 
Os. aquifolium. Negative results were found on all the species tested of 
Ligustrum and Syringa. Typical knots developed on Olea europaea. Phil- 
lyrea decora developed abnormal overgrowths, which were suggestive, yet 
not typical knots. The controls healed in a normal manner.— Clayton 
0. Smith, Division of Plant Pathology, University of California Citrus 
Experiment Station, Riverside, California. 


REPORT OF THE THIRTY-SECOND ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

THE 1940 PHILADELPHIA MEETING 

The thirty-second annual meeting of The American Phytopathological Society, held 
in Philadelphia, Pennsylvania (December 27 to 31, 1940), was one of the most outstand- 
ingly successful meetings the Society has held. Approximately 375 members were in 
attendance. Eighty-five new members were elected at Philadelphia, bringing the active 
membership roll to 1130. 

More than 300 attended the Phytopathologists’ Dinner at the Hotel Philadelphian, 
and enjoyed the program arranged by the committee under the able chairmanship of 
H. W. Thurston, Jr., of The Pennsylvania State College. 

Special conferences were held on plant-disease survey, vegetable-seed-treatment re- 
search, recent studies on forage-crop diseases, and better undergraduate training for 
future plant pathologists. A very successful feature of the program was the invitation 
program of demonstrations, under the efficient direction of A. J. Biker, of the XJniversity 
of Wisconsin. The value of cooperation among different branches of plant science was 
brought out in joint sessions with Section G of the A. A. A. S. and affiliated botanical 
societies, American Association of Economic Entomologists, the Floriculture Section of 
The American Society for Horticultural Science, the Physiological Section of the Botanical 
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Society of America and The American Society of Plant Physiologists, the Potato Associa- 
tion of America, and the Mycological Society of America. 

The summer session will he held in New Haven, Connecticut, June 23-27, 1941. 

OFFICERS, REPRESENTATIVES, AND COMMITTEES TOR 1941 

Officers: 

J. G. Leach, President (1 yr.), West Virginia University, Morgantown, West 
Virginia. 

L. M. Hutchins, Vice-President (1 yr.), P. 0. Box 299, Brownwood, Texas. 

E. S. Kirby, Secretary (3 yrs. term expires 1943), The Pennsylvania State College, 
State College, Pennsylvania. 

H. A. Edson, Treasurer (3 yrs. term expires 1943), U. S. Department of Agriculture, 
Washington, D. 0. ‘‘ 

H. B. Humphrey, Editor in Chief of PHYTOPATHOLOGY (3 yrs. term expires 
1943), U. S. Department of Agriculture, Washington, D. C. 

Councilors: 

J. B. Kendrick, (term expires 1941), University of California, Davis, California. 
Charles Chupp (term expires 1941), Cornell University, Ithaca, New York. 

J. G. Horsfall (term expires 1942), Agricultural Experiment Station, New Haven, 
Connecticut. 

N. J. GiBdings (Pacific Division), P. O. Box 752, Eiverside, California. 

George M. Armstrong (Southern Division), Clemson Agricultural College, Clemson, 
South Carolina. 

Representatives; 

A. A. A, 8. Council (1 yr.), C. E. Orton, Charles Chupp. 

Elector Group V, Division of Biology and Agriculture, National Besearch Council, 
H. P. Barss (E. C. Stakman, alternate). 

Tropical Besearch Foundation (5 yrs. term expires 1945), Eobert D. Rands. 
International Union of Biological Sciences, A. G. Newhall. 

Board of Editors, American Journal of Botany (3 yrs. term expires 1943), G. W. 
Keitt. 

Union of American Biological Societies {and Biological Abstracts), H. B. Humphrey 
and R. S. Kirby (ex officio), E. V. Rand, C. W. Bennett, H. A. Edson, G. W. 
Keitt. 

Standing Committees: 

Advisory on Society Activities and Programs. W. J. Zaumeyer, Chm., P. L. 
Drayton, A. A. Dunlap, J. A. Pinckard, R. K. Voorhees, J. C. Walker, C. 
E. Yarwood. 

Coordination in Seed Treatment Besearch. M. B. Moore, Chm., C. H. Arndt, H. T. 
Cook, E, J. Greaney, C. M. Haenseler, L. D. Leach, G. L. McNew, P. P. 
PiRONE, H. A. Rodenhiser. 

Donations and Legacies. E. C. Stakman, Chm., J. G. Brown, N. J. Giddings, N. E. 
Stevens, R. P. White. 

Extension WorTc and Belations. C. C. Allison, Chm., O. D. Burke, R. J. Haskell, 

G. W. Keitt, R. H. Porter, Otto Reinking, R. C. Rose, D. R. Sands, W. B. 
Tisdale. 

Investments. H. A, Edson, Chm., Charles Brooks, Marvin E. Fowler, J. W. 
Roberts. 

Necrology. A. G. Johnson, Chm., M. B. Waite. 

New Memberships and Subscriptions. R. F. Poole, Chm., J. C. Carter, Kenneth 
Kadow, R. S. Kirby (ex officio), L. D. Leach, R. M. Lindgren. 

Nomenclature and Classification of Plant Viruses. Eubanks Carsner, Chm., C. W. 
Bennett, Max W. Gardner, F. 0. Holmes, James Johnson, H. H. McKinney, 

H. H. Thornberry, Freeman Weiss. 

Phytopathological Classics. H. H. Whetzel, Manager, H. B. Humphrey, Editor. 
Public Belations. J. A. Pinckard, Chm,, O. C. Boyd, C. T. Gregory, J. H. Jensen, 
Frank McWhorter, A. G. Newhall, G. H. Starr, A. J. Ullstrup, G. F. Weber, 
P. A. Young. 

Begulatory Worlc and Foreign Plant Diseases. J. F. Adams, Chm., A. A. Bitan- 
court, A. B. Buchholz, S. j. P. Chilton, F. L. Drayton, M. R. Harris, W. A. 
McCubbin. 

Standardization of Fungicidal Tests. S. E. A. McCallan, Chm., J. G. Horsfall, 
Kenneth Kadow, R. W. Lbukel, J. W. Roberts, Frank Wilcoxon, J. D. 
Wilson. 
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TEMPORARY COMMITTEES 

Auditing, V. F. Tapke, H. A. Eodenhiser. , 

Elections, Joim W. Heuberger, Egbert O. Magie, H. W. Thurstoy, Jr. 

Eesohitions, M. P. Barrus, Anna E. Jenkins, N. J. Biddings. 

reports of officers, representatives, and committees for 1940 

Beport of the Secretary. The Society year 1940 opened with 1082 inemlDers and 
closed with 1128, a gain of 46 members. At the Philadelphia meeting 84 new members 
were elected. Nine former members were restored to the active roll during the year. 
The Society lost 47 members, 14 by resignation, 5 by death, and 28 by suspension for non- 
payment of dues. Of the full membership, 154 are paid-up life members, and 4 are paying 
$10.00 *a year toward life membership. 

The Society's clearing agency, to facilitate contact between employable plant patholo- 
gists and pathological openings from individuals or institutions, was continued in 1940. 
Applications were received or on hand from 45 pathologists. Sixty-one applications from 
41 pathologists were sent to 9 prospective employers. It was reported to the agency that 
one pathologist was hired through contact first made through the agency. 


Beport of the Treasurer. 
30, 1940. 

Meceipts : 

Balance from 1939 

1936 . 

1937 . 

1938 . 

1939 . 


Statement of accounts for the year ending November 


1940 2817.56 ( 

1941 1716.40 ( 

1942 1.50 

Interest on savings account 

Items for other accounts included in checks for dues: 

Sales 1.50 

Classics 4.00 

Memoir 0.50 

Balance from A. P. S. dinner in Columbus 

To replace checks returned by bank 


($10.00 life) 

( 10.00 life) 

( 20.00 life) ' 
( 20.24 life) 

( 30.00 life) 

( 10.00 life) 


$5185.89 


$4622.90 

12.72 


Total receipts 


Expenditures : 

Member subscriptions transferred to PHYTOPATHOLOGY: 

1936-37 8.00 

1938 8.65 

1939 2683.36 

1940 3623.80 $6323.81 


Transferred to Sinking Fund (Building and Loan) 

Transferred to PHYTOPATHOLOGY for publication of So- 
ciety material ..; 

Secretarial work for Secretary and Treasurer 

Expenses of office of Secretary 

Expenses of membership committee 

Preprints of abstracts 

Printing 

Stamps and envelopes 

Supplies and furniture 

Transferred to PHYTOPATHOLOGY for sales 

Transferred to Classics 

Transferred to E. P. Smith Memoir account 

Expenses of Columbus dinner (balance) 

Collection charges on cheeks 

Telegram 

Checks returned by bank 


4662.35 

$9848.24 


577.38 

444.25 

48.93 

7.92 

40.39 

139.37 

8.62 

50.65 

1.50 

4.00 

0.50 

7.13 

0.90 

0.58 

13.60 


Total expenditures 
Balance on hand 


7744.53 

2103.71 


$9828.24 
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(Note: During tlie year $2600.80 was transferred from the savings account in the 
Morris Plan Bank to the Society's cheeking account.) 


Sinking Fund. The Sinking Fund, the income from which is used for the support 
of PHYTOPATHOLOGY^ is obtained by deducting $5.00 from each life-sustaining mem- 
bership installment. This fund totaled $9571.00 at the close of 1939. During the year 
ending November 30, 1940, it increased to $9646.00 and is invested as follows: 

First mortgage notes deposited with the McLachlen Banking Corporation 

for collection ($1000.00 at 6%, $500.00 at 5%) $1500.00 

Invested with the following building and loan associations : 

Arlington and Fairfax Bldg, and Loan, 5% 1000.00 

Columbia Permanent Bldg. Association, 4% 530.60 

District Bldg, and Loan Association, 4% 1591.80 

National Permanent Bldg. Association, 4i% 1045.65 

Northwestern Federal Savings and Loan Association, 4% 2000.00 

Perpetual Bldg. Association, 4% . . 1061.20 

Prudential Bldg. Association, si % (accrued interest $55.64) 1201.64 


$9930 89 

Less interest due PHYTOPATHOLOGY (accrued, 1940, $207.67) 284.89 


$9646.00 

The Lyman Memorial Fund, obtained from voluntary contributions, now totals 
$3264.66, of which $172.59 represents accrued interest and is available for PHYTO- 
PATHOLOGY. The whole amount is invested with the Brookland Building and Loan 
Association at 3i%. The account for 1940 follows: 


Balance on hand, Dec. 9, 1939 $3003.00 

Dividends, Dec. 31, 1939, and June 30, 1940 115.03 

Contributions from members 46.00 

Sale of Erwin F. Smith Memoir 100.63 


Balance, December, 1940 $3264.66 

Report of the Business Manager of Phytopathology. At the close of 1940 there 
were 600 nonmember subscribers on our mailing list, including 5 complimentary. This 
compares with 651 reported last December. During the year there were 67 cancellations 
and 57 suspensions for nonpayment, a loss of 124. In spite of 73 new paid subscriptions, 
there is a net loss of 51, compared with a net gain of 13 last year and 23 in 1938. It is 
to be expected that there will again be a loss for 1941, as the present European list of 160 
will no doubt decrease considerably. The most noticeable changes for this past year were 
a drop in German subscriptions from 25 to 1 and in subscriptions from the U.S.S.B. from 
89 in 1939 to 51 in 1940. Japan’s list, however, remained unchanged at 61, while there 
was a small increase in paid subscriptions to China, from 9 to 13, It is rather surprising 
to note that, before December 15, we had already received payment for 7 renewals of 
England’s 35 subscriptions and 2 of Scotland’s 3, and that orders had been received at 
this time for 24 subscriptions to the IJ.S.S.R. as compared with 51 during the entire year 
just past. 

Statement of accounts for the year ending November 30, 1940. 

Meceipts: 

Balance from 1939 $ 2967.87 


Subscriptions: 

1938 : 

1939 

1940 

1941 

1942 

Member subscriptions: 

1936-37-38 

1939 

1940 

$ 5.85 

70.35 

3417.14 

328.07 

5.50 

16.65 

2683.36 

3623.80 

$3826.91 

6323.81 

Sales of back numbers 


290.25 

Advertising : 



1939 . . ... .. .... 

190.86 


1940 ..:.... 

675.28 

866.14 

Interest on Sinking Fund : 



First mortgage notes 

85.00 
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247.72 

600.00 

125.37 

577.38 
606.59 
201.97 

10.85 

188.50 13865.49 


$16833.36 

Additional interest of $207.67 was allowed to remain with the various Building 
and Loan associations. Also interest of $115.03 was left with the Brookland Build- 
ing and Loan Association (Lyman Fund). 


Building and Loan 162.72 

Grant from Eockefeller Institute 

Interest on savings account 

From Society for publication of A. P. S. material 

Allowance on reprints 

Payment by authors for excess illustrations 

Sale of periodicals — 

Draft redeposited 


’Expenditures: 

Printing, distributing and storing PHYTOPATHOLOGY (II numbers) 


Vol. XXIX, No. 12 and Index $818.53 

Yol. XXX, No. 1 767.55 

No. 2 784.50 

No. 3 743.34 

No. 4 882.59 

No. 5 603.72 

No. 6 701.83 

No. 7 634.38 

No, 8 663.23 

No. 9 654.89 

No. 10 642.04 $7896.60 


Postage 518.77 $8415.37 

Secretarial work and office expenses. Editor in Chief 374.80 

Secretarial work, Business Manager 252.50 

Allowance and expenses, Advertising Manager, 1940 87.14 

Commission, Advertising Manager, 1939 52.15 

Stamps and stamped envelopes 89.02 

Supplies and furniture 24.95 

Printing 8.69 

Advanced for Cumulated Index account 19.16 

Refunds, subscriptions and sales 17.15 

Import tariff, Canada 0.63 

Service charge, checking account : 0.70 

Cheeks returned by bank ’ 202.75 


Total expenditures $ 9545.01 

Balance on hand : 

Cheeking account $2713.35 

Northwestern Fed. Sav’s and Loan Association 4575.00 7288,35 


$16833.36 

(Note; During the year $2575.37 was transferred from the savings account in 
the McLaehlen Banking Corporation to the checking account and $4500 transferred 
from there to a new account with the Northwestern Savings and Loan Association.) 


Report of the Auditing Committee for the year ending November 30, 1940. The 
books of the Treasurer of the Society and the Business Manager of PHYTOPATHOLOGY 
have been examined, together with the present investments of the Sinking Fund and the 
Lyman Memorial Fund. The accounts have been found correct and the books are in 
excellent order. 

Y. F. Tapke 
H. A. Rodenhiser 

December 19, 1940. 

Report of the Advertising Manager. Contracts in 1940 totaled $870.86. There 
were 103 revenue-producing advertisements, occupying 53 ^ pages and consisting of 23 
full-page, 42 half -page and 38 quarter-page insertions. During the year 14 commercial 
firms used our journal as an advertising medium. 

There were 46 nonrevenue-producing advertisements, occupying 37^ pages, made up 
of notices regarding Phytopathological Classics, the Society clearing agency for employ- 
ment of plant pathologists, the Committee on Publicity, the Erwin F. Smith Memoirs and 
also several complimentary and exchange ads. 
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On account of its specialized field and its resultant comparatively small mailing list 
(not to mention the fact that our members apparently do not mention PHYTOPATHOL- 
OG-Y when writing to advertisers), the advertising cannot be made to cover the cost of 
publication, as is the ease with journals of large circulation, but it is believed that, with 
the cooperation of the membership of the Society, it might be increased sufficiently to pay 
for approximately two numbers per year. This would mean contracts totaling at least 
$2000.00, or about 125 pages, considerably more than has ever been carried. 

Agnes E. Meier 

Ueport of the Editor in Chief. Volume 30 of PHYTOPATHOLOGY contains, 
exclusive of the index, 1056 pages of printed matter and illustrations, classified as fol- 
lows: One hundred seven articles, 44 notes, 3 reports of meetings, 9 book reviews, 189 
abstracts (1 by title only), 251 text figures and 2 plates. Prom Dee. 19, 1939, to Dec. 
15, 1940, a total of 195 manuscripts of articles, notes, book reviews, and reports of 
Society meetings were submitted for publication in our Journal. Five manuscripts were 
withdrawn and 6 were returned to their contributors as unacceptable. There are now in 
press 44 articles and 121 abstracts. Other manuscripts now (Dee. 15) on hand number 
50, or a total of 580 typewritten pages. 

It is quite generally conceded that PHYTOPATHOLOGY takes rank with the bet- 
ter scientific journals of the world. Even so, there is room for improvement. I cannot 
overemphasize the necessity of still greater devotion to the matter of manuscript prepara- 
tion. Scarcely an article comes to us that could not have been materially condensed with- 
out impairment of scientific or literary worth. Many of these, after review and criticism 
by one or more editors, are returned to their authors once, twice, even three times, before 
they are acceptable. 

Too much attention cannot be given to the proper and accurate listing of citations 
to literature. The same applies also to setting up tabular matter. Too many contribu- 
tors still leave to the editor the details of table construction, even to the extent of expect- 
ing him to compose suitable table headings. To be sure such carelessness is the exception 
rather than the rule, but such exceptions prove the rule and try the patience of those who 
must pass final judgment upon the manuscripts. 

Grateful acknowledgment is here made to Dr. E. V. Band for his preparation of the 
index and to all others who have contributed editorially and otherwise to the excellence 
of our Journal. 

H. B. Humphrey 


Report of the Manager of Phytopathological Classics for the year 1940. I beg to 
submit herewith the annual report of my stewardship as Manager of Phytopathological 
Classics : 



Record of Copies Sold and on Hand 




On hand 

Sold during 

On hand 


December 1, 1939 

year 

December 

1, 1940 

Classic #1 

92 

12 

80 


#2 

293 

12 

281 


#3 

392 

12 

380 


#4 

454 

12 

442 


#5 

702 

24 

678 


#6 

838 

25 

813 


Cash balance on hand 12- 

-1-40 


$225.49 


Receipts during year 



60.25 


Total 




$285.74 

Expenditures : 





Postage 



$ 3.25 


Total expenditures .... 




3.25 

Balance on hand December 1, 1940 



$282.49 

Due on accounts 




5.50 


H. H. Whetzel 


Report of the Necrology Committee. Deaths previously tinreported : 
Gustav Kock, July 28, 1939, and 
Hugo Koblenzer, Dec. 2, 1939. 

Deaths during 1940: 

Haven Metoale, May 23,- 

Ormitnd Rourke Butler, Oct. 24 ; and 

"William Williams Gilbert, Dec. 22. 


A.. , G. Johnson- 
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Beport of tlie Committee on Biological Abstracts and tlie tTnion of American Bio- 
logical Societies. TMs report was published in PHYTOPATHOLOGY 31: 199. 1941. 

Report of Extension Work and Relations Committee. The Extension Work and 
Relations Committee sponsored two activities in 1940: The first was a conference on 
Recent Studies on Eorage Crop Diseases/’ with special emphasis on diseases of (1) 
alfalfa, (2) Austrian winter peas and vetch, and (3) grasses. The principal discussion 
leaders were Dr. J. L. Weimer, Dr. John Monteith, and Mr. Lawrence Henson. This 
conference was held on the afternoon of December 28 at the Philadelphia meeting. A 
detailed report of this conference will appear in the Extension Plant Pathologist in the 
near future. The attendance at this conference was about 100. 

The second activity was a conference on '^The Place of the Plant Pathologist in the 
National Defense Program.” This conference was held on the evening of December 30 
at the Philadelphia meeting. The general opinion expressed at this conference was that 
the war situation has not yet created an emergency in the field of plant pathology but 
has attached greater significance to disease control as a means of more economical produc- 
tion of crops. 

Several people in attendance at this conference showed color slides on a variety of 
subjects. The object of this exhibition was to develop a system of slide exchange and 
duplication among those interested. 

Luther Shaw, Chairman, 0. 0. Allison, R. J. Haskell, G. W. Keitt, 

R. IL Porter, 0. A. Reinking, R. C. Rose, D. R. Sands, W. B. Tisdale. 

Report of the Committee on Coordination in Cereal and Vegetable Seed Treatment 
Research. Cereal Seed Treatments. The experiments set up and carried out in 1939 
were repeated practically unchanged in 1940. An experiment to determine the response 
of flax to treatment was added, however. Briefly the experiments are of two types: a 
disease control test and a yield test. In the disease control test heavily smut-inoculated 
seed of susceptible varieties of wheat and oats, and stripe-infected barley seed were 
treated with 5 to 7 different disinfectants and grown at widely separated locations to 
determine the effects of environment on the effectiveness of these disinfectants in con- 
trolling disease and increasing seedling stand. On the other hand, in the yield tests only 
commercial varieties of wheat, oats, barley, and flax were treated with a smaller number 
of disinfectants and were grown at some of the same stations. In all, 13 different State 
and Dominion experiment stations cooperated, 16 sets of seed were sent out for the disease- 
control tests and 13 sets for the yield tests. To date, complete sets of data have been 
received from 5 of the stations, and it is expected that results will be received from the 
others soon. 

The data from the 1939 tests have been tabulated and summarized but have not been 
mimeographed nor distributed. In the course of the next few months it is planned to 
combine the results of the 2 years ’ work and distribute them to the cooperators, and if 
it seems advisable, to publish a summary of the work thus far. 

VegetaUe Seed Treatments. This year, for the first time, active experimental work 
was undertaken in the testing of treatments for vegetable seeds. Under the direction and 
through the efforts of Harold T. Cook of the Virginia Truck Experiment Station, 31 sets 
of uniform seed- treatment tests were conducted by cooperators in 18 States to determine 
the relative value of red copper oxide, zinc oxide, and Semesan for improving the seedling 
stands of beets, cabbage, cucumbers, peas, spinach, and tomatoes. Results from all of 
the 31 tests have been compiled, analyzed statistically, and mimeographed for distribution 
to the collaborators. Quoting from Dr. Cook’s report, ^'A number of rather striking 
facts are brought out by the cooperative tests in 1940, which, because of the uniform 
methods used, the wide range of environmental conditions encountered, and the statistical 
significance of the data, should serve as a reliable basis on which general recommendations 
may be made for treating seed of the crops included in these tests.” 

TRe commendations of the Committee. 1. That the cereal and vegetable seed treat- 
ment programs be continued. 2. That the Council or the Society consider the advisabil- 
ity of setting up the vegetable seed-treatment work under a separate committee to include 
the member of the present committee who is primarily concerned with vegetables. It is 
desirable to increase the number of vegetable pathologists in order better to spread the 
very considerable burden and expense of the vegetable program in its present extensive 
form, and, since experimental programs in cereal and vegetable seed-treatments involve 
widely different fields as regards crops, disinfectants, geographic areas, and scientific 
workers, it seems probable that it would be best to organize a separate committee to carry 
on the vegetable work. 

Report of the Committee on Standardization of Fungicidal Tests. The Committee 
on Standardization of Fungicidal Tests is cooperating with the American Association of 
Economic Entomologists Committee on Insecticide Terminology. Several informal meet- 
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ings between individual numbers of tlie two committees have been held, and a joint meet- 
ing of the two groups is planned during the Philadelphia convention. The aims of the 
two committees are essentially alike and their cooperation will add materially to the use- 
fulness of each. 

Attention has been continued on A — ^Laboratory methods, B — ^Field methods, and 0^ — 
Laws regulating the sale of fungicides. 

A — Laboratory methods. Several original papers have been published on this sub- 
ject during the current year, others are known to be in manuscript. In addition certain 
fundamental studies are in progress. Because of this recent activity it is felt desirable 
to postpone the revision of the tentative methods prepared in 1939. Copies of these tenta- 
tive mimeographed methods may be still obtained. They are: (1) A Standard Bordeaux 
mixture for laboratory tests and for determination of Bordeaux coefaeient; (2) Beter- 
minatioii of mean particle diameter of fungicides; (3) Specifications for slide-nioist- 
ehamber method of testing protective fungicides. 

At present the greatest need in the development of laboratory methods is the corre- 
lation of laboratory and field results, so that the proper emphasis may be laid on the 
various laboratory procedures. To this end, cooperative laboratory and field tests on 
fruits and vegetables are being carried on in four States. 

B — Field methods. The tentative recommendation on standard spray nomenclature 
is being revised with respect to terms defining bud development in cooperation with the 
Entomologists committee. 

It is recommended that the Society express all spray materials in standard units of 
weight (avoirdupois) or liquid measure (B. S.) sufficient to make 100 gallons of spray, 
and that all dust formulae be stated on a basis of 100-pounds total mixture. It is further 
suggested that PHYTOPATH OLOG-Y adopt such a nomenclature, and that the members 
of the Society seek uniform adoption of this usage in the publications of institutions with 
which they are connected. 

Cooperative tests on efficient designs for comparing fungicidal treatments in field 
experiments are in progress in four States. 

C — Laws regulating the sale of fungicides. The sub-committee. Hr. John W. Roberts 
and Hr. Errett Wallace, delegated to study this question, is of the opinion that no further 
action be taken at this time; the committee as a whole is in agreement. 

Y'our committee washes to express its aj)proval of the OouneiHs policy of rotating the 
membership of its Standing Committees and thereby increasing their activity and use- 
fulness. 

S. E. A. McCallan, Chairman, J. W. Robeets, H. C. Young, 

K. J. Kadow, J. G. Horsfall, C. E. Yarwood, R. H. Haines 

Report of the Advisory Committee for 1940. A number of suggestions was sub- 
mitted during the year to the Advisory Committee on programs and society activities, by 
its members, which Avere given attention. The opinions on these suggestions have been 
sounded out by the Committee among representative centers of the Society. In general, 
as in the past, the survey indicated that there was a satisfaction wdth the programs as 
they are conducted at present. 

The following matters have been considered by the Committee and are being sug- 
gested to the Council. Although there was not a complete agreement on all of the matters 
dealt with, it was fairly uniform on the following suggestions: 

1. The self -introduction of the membership at one of the business meetings should 
not be attempted because of the lack of time. Lapel identification should be followed. 

2. The president ^s address at the annual meetings should not be revived. 

3. That only local talent of the Society and not outside professional entertainers 
should be used for the entertainment following the annual banquet. Occasional use of 
some outside talent should be allowed only when there seems to be no practical ivay of 
handling the matter in the traditional way. 

4. A slight majority was of the opinion that there should be a more critical selec- 
tion by the Editorial Committee of papers given at the meetings. 

5. A similar majority favored the enlargement of the round-table discussions if they 
were kept specific enough. A period of mutual aid’’ designed for members to present 
personal difficulties encountered in their work in the hope that some one in the group 
might offer assistance met with disfavor. 

6. Erom a questionnaire circulated by the Committee among a small but representa- 
tive portion of the Society, a considerable majority favored a revision of the method of 
selecting officers by the appointment of a nominating committee. A slight majority 
favored the Council appointing this committee, although many favored that it be ap- 
pointed by the President or elected by the membership. 

7. By a considerable majority, it was proposed that the Council not be enlarged, even 
though the membership has greatly increased in recent years. 

Respectfully submitted, 

W. J. Zaumeyer, Chairman, E. L. Hrayton, A. A. Hunlap, 
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Report of the Committee on Homenclatnre and Classification of Plant Viruses. 
The American Committee on Nomenclature and Glassification of Plant Viruses was ap- 
pointed by the President of The American Phytopathological Society at the 1938 meetings 
at Richmond and has now been requested by the^ Secretary to make its first report. When 
the Committee was organized its purpose was, in part, at least, to cooperate and coordi- 
nate its work with that of the International Committee on Virus Nomenclature appointed 
at the Fifth International Botanical Congress meeting in Cambridge, England, in 1930. 
The first meeting of the International Committee was at Amsterdam in 1935, and the last 
at New York in September, 1939. With the outbreak of war, the International Committee 
practically ceased to function, and it appeared desirable to some members of the American 
Committee that it should continue the project more or less independently of the Inter- 
national Committee, hoping to renew cooperation or agreement when international avenues 
for coordination again become available. 

The original purpose of both committees was to secure an early universal agreement 
on virus nomenclature in order to reduce the confusion in nomenclature already in ex- 
istence and especially to prevent new and added confusion through the introduction of 
individual or independent systems of virus nomenclature. However, the w^ork of the 
committees has apparently stimulated interest in virus nomenclature to the extent that 
several independent systems of nomenclature have already been proposed or are in prep- 
aration. A majority of the American Committee members, past or present, is of the 
opinion that the several systems should be given a trial or test in published form so that 
the best one may eventually be selected. A policy of haste has been repeatedly urged 
upon both the International and the American Committees, but this Committee feels that 
the present time is not propitious to make definite recommendations. 

Sub-committees have been organized covering the principal crop divisions such as 
cereals, fruits, vegetables, potatoes, tobacco, and ornamentals to assist in compiling the 
synonyms and descriptions of the viruses associated with these plant groups. 

The Committee has approved a proposal of The Plant Disease Survey to publish a 
list of virus synonyms to be prepared with the assistance of this Committee. 

Submitted with the approval of the Committee, December 29, 1940. 

James Johnson, Chairman 

Report of the Committee on Publicity and Public Relations. At the annual meeting 
of the Society in 1939 the temporary Committee on Publicity and Public Relations was 
made permanent. The function and suggested policies of the Committee were outlined in 
a report to the Society at that time. 

During the past year the Committee has attempted to follow these policies in pre- 
paring approximately 255 news stories of which 130 were on subjects discussed at the 
Philadelphia meeting this year. The Committee has not attempted to report on every 
article appearing in PHYTOPATHOLOGrY, since it has exercised its own judgment with 
respect to the news-worthiness of each technical article brought to its attention. These 
news releases have been prepared carefully and with utmost caution in order that only 
factual releases would find their way into responsible news channels. Every attempt has 
been made to route each worthy press release into those channels serving that section of 
the country most intimately concerned with the subject covered. 

Your committee is unable to report on the total numbers of articles actually used 
by the press. Neither is it able to report upon the quality of the ultimate product, since 
clippings are not returned to us except by some member of the society who happens to 
clip the article from his local paper. Many of our releases have been found in Science, 
Science News Letter, the national wire services, and in certain farm and trade journals. 

The Committee wishes to express its gratitude to the Editor in Chief of PHYTO- 
PATHOLOGY, H. B. Humphrey, and to our printer, George M. Houck, Science Press 
Printing Co., for their prompt and regular contribution of page proofs of PHYTO- 
PATHOLOGY. The Committee also wishes to express its thanks to Howard W. Blakeslee, 
science editor of the Associated Press, Frank Thone, Science Service, and to the several 
members of the Association of Science Writers for their kind assistance. 

C. T. Gregory, Chairman, 0. 0. Boyd, J. H. Jensen, J. A. Pinckard, G. H. Starr, 
Frank McWhorter, A. G. Newhall, A. J. XJllstrup, G. F. Weber, P. A. Young 

Report of Committee on 30-Volume Index of Phytopathology. Your Committee’s 
report this time will be as short and to the point as possible. As of December 15, com- 
plete material has been received from the indexers for all volumes except 3, 4, 14, 18, and 
25. The indexing sheets have been checked against the original papers, given the first 
editing, thrown into the individual entries, and alphabetized to the first letters for 18 
volumes. There are 12 yet to be given the final alphabetizing, editing, and preparation 
of manuscript for the printer. 

Respectfully submitted, 

Frederick V Rand, Chairman 
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Eesolutions of tlie Committee on Eesolutions. BESOLVEB that The American 
Phytopathological Society exiDress its appreciation to the American Association for the 
Advancement of Science for the satisfactory arrangement made by members of its com- 
mittees for the meetings of the various sessions of our Society. 

RESOLVED that The American Phytopathological Society convey its appreciation 
to the management of the Plotel Philadelphian, and especially to Earle W. Baker, assis- 
tant manager, for unstintingly providing our officers and committees with rooms for con- 
ducting business and for general services to our members. 

RESOLVED that this Society express its appreciation to the committee on local 
arrangements, P. P. Pirone, chairman, L. M. Black, Edgar Rex, L. W. R. Jackson, B. H. 
Davis, and O. D. Burke, for selecting satisfactory meeting places and comfortable quar- 
ters for our members j to the Eranklin Institute for providing projection apparatus; to 
the banquet committee, H. W. Thurston, Jr., chairman, K. J. Kadow, P. D. Peterson, and 
St. John P. Chilton, and to others wdio assisted in various ways, for the splendid enter- 
tainment that made the annual dinner so enjoyable; and to the committee on demonstra- 
tion sessions on Sunday afternoon, which provided a very instructive feature of our 
meetings. 

RESOLVED that this Society commend the program committee for assigning to the 
same headquarters The Mycological Society of America and this Society, thereby facili- 
tating conferences of workers in related fields of research and further strengthening the 
ties between the two societies. 

RESOLVED that this Society on behalf of its members express to the officers and 
members of committees our sincere appreciation for the efforts they have made to promote 
the interests of the Society throughout the year and to make this annual meeting instruc- 
tive and enjoyable. 

Respectfully submitted, 

M. E. Barrus, Chairman 

N. J. Gidiungs 

Anna E. Jenkins 

ACTION BY THE SOCIETY AT THE 1940 PHILADELPHIA MEETING 

Elections and Appointments. The appointments made, as provided by the Consti- 
tution, by the President or the Council since the previous meeting, were approved by the 
Society in business session. The election committee opened and counted the ballots, and 
the results were announced to the Society at the banquet. The names of those elected 
and appointed appear earlier in this report in the list of officers, representatives, and com- 
mittees. Eighty-five applicants were elected to membership. 

The Society contirmed the CounciPs appointment of the following new members to 
the Editorial Board of PHYTOPATHOLOGY: G. M. Armstrong, T. C. Vanterpool, Alma 
M. Waterman, B. L. Richards, and S. P. Doolittle. 

Reports of Officers, Representatives, and Committees. The reports for the year 
1940, as presented on previous pages, were read and accepted. 

Recommendation Regarding Abstracts, The Society confirmed the Council ’s recom- 
mendation that Standing Rule 3(a) contain the additional sentence: ‘^The Secretary 
shall return to authors all abstracts received after the closing date.^^ 

Recommendation Regarding ^‘Staggering” of Terms of Office of Secretary, Trea- 
surer, and Editor in Chief of PHYTOPATHOLOGY. The Society confirmed the Coun- 
cil’s recommendation that appointments for the offices of Treasurer and Business Manager 
of PHYTOPATHOLOGY, Secretary, and Editor in Chief of PHYTOPATHOLOGY be 
made now for three-year terms, but in order to accomplish constitutionally the wish of 
the members (which the Council believes to be to the interest of the Society), it has been 
arranged that resignations will be presented by two of the appointees, that of the Secre- 
tary at the close of 1941 and that of the Editor in Chief at the close of 1942, so that the 
terms of office may be ‘‘staggered.” 

Committee on Nomenclature and Classification of Plant Viruses. The Society con- 
firmed the Gouneil’s recommendation that, in view of the request for rotating committees, 
the Council will plan to rotate the chairmanship of this committee each year. 

Committee on Regulatory Work and Foreign Plant Diseases. The Society con- 
firmed the Council’s appointment of a standing committee on Regulatory Work and Eor- 
eign Plant Diseases. 

Committee bn Public Relations. The Society confirmed the Council ’s recommen- 
dation that the standing committee on Publicity and Public Relations be henceforth 

desisfnated as the Committee on Public Relations. 
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Temporary Committee on Fungous Nomenclature. Tlie Society confirmed tlie Coun- 
cils recommendation that tlie temporary committee on Fungous Nomenclature to Work 
with the British Section of the Mycological Society be continued as a temporary committee 
until the revision of the committee system, after which time it will become a special 
committee. 

Committee Eeports. The Society confirmed the following recommendations of the 
Council concerning committee reports: (1) that only the reports of standing committees 
be published in the annual report without authorization of the Society; (2) that the 
personnel of committees be printed only in the annual report and in the program of the 
annual meeting, with a footnote to be printed in PHYTOPATHOLOGY indicating in 
which issue the list will be found; (3) that the Secretary request chairmen to make their 
reports as brief as possible. 

Revision of Constitution. The Society confirmed the Council recommendation that 
a committee be appointed to re- word Article VII, with the objective of revising the com- 
mittee system, to read: ^ ^ Temporary, Special, or Standing Committees. ^ ^ Standing 
committees are to be appointed by the Council to take care of matters pertaining to 
Society relationships. Special committees are to be appointed by the Council to do spe- 
cific problems in plant pathological work. Temporary committees are to be appointed 
by the Pi'esident. 

Demonstration Session. The Society confirmed the Council ^s recommendation to the 
Program Committee for the continuance of the demonstration session on an invitational 
basis, the number of demonstrations to be determined by space available and other 
circumstances. 

New England Division. The Society confirmed the Council ’s recommendation of the 
recognition of the New England Division of The American Phytopathological Society, 
and thereby authorize such group to have one representative to the Council. 

Pledge of Support to National Defense Council. The Society confirmed the follow- 
ing recommendation of the Council: ^^The American Phytopathological Society and 
Council pledge support to the National Defense Council and authorize the officers and 
Council to serve the National Defense Committee in any capacity that may be necessary.’’ 

Foreign Relief Subscription. The Society passed the motion that the Editor and 
Business Manager of PHYTOPATHOLOGY be authorized to distribute a blank form to 
the domestic subscribers to PHYTOPATHOLOGY, with the January number, providing 
for receiving subscriptions to a foreign relief subscription fund. 

Banquet Proceeds. The Society confirmed the Council’s recommendation that any 
proceeds made from a banquet be maintained in a separate fund for that purpose and 
not be diverted except by special action of the Council. 

Summer Meeting. The Society, on Conneil recommendation, voted to hold a summer 
meeting, at the invitation of the New England Group, in New Haven, Connecticut, June 
23-27, 1941. 

The 1941 Annual Meeting. It was recommended by the Council, and voted by the 
Society, that the annual meeting in 1941 be held at Dallas, Texas, December 29, 1941, to 
January 2, 1942, and that it be a hotel meeting. 
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MEMBERS OP THE TOBACCO DISEASE AND THE PLANT 
NEMATODE COUNCILS TO HOLD A JOINT 
SUMMER MEETING 

Plans are now being* made for a joint meeting of the Tobacco Disease 
Council and the Plant Nematode Council to be held at the Georgia Coastal 
Experiment Station, Tif ton, Georgia. Probable dates are June 24, 25, and 
26. The program will consist of topics on both tobacco-disease and nema- 
tode problems, as well as of trips to the experimental plots where much 
disease and nematode research is being conducted. 

The Tobacco Disease Council was organized in 1935, by a group of Fed- 
eral and State workers who met at Greensboro, N. C., on November 5 and 6 
of that year. Membership is open to all research and extension workers on 
tobacco-disease problems in the United States, and the purpose of the Council 
is to promote cooperation in an energetic campaign of scientific investigation 
leading to effective tobacco-disease control. Since its organization, the 
Tobacco Disease Council has met annually with an average attendance of 
about 50 members. At these meetings the research workers make progress 
reports, and discuss disease-control recommendations ; whereas the extension 
pathologists discuss results obtained during the year with disease-control 
practices and point out flaws in current recommendations for the control of 
tobacco diseases. 

The Plant Nematode Council was organized under the name '^Root-Knot 
Nematode Committee^’ by Federal and State workers at Nashville, Tennes- 
see, on February 2, 1937. At the third National Plant Nematode Confer- 
ence, held at Birmingham, Alabama, February 9, 1940, the name of the 
organization was changed to Plant Nematode Council.’’ Its purpose is to 
promote research on plant nematode problems and to facilitate mutual assis- 
tance among the workers. Membership in the Plant Nematode Council is 
open to all who are interested in plant nematode research. 

PI. H. Hume, Agricultural Experiment Station, Gainesville, Florida, is 
Chairman and PI. P. Barss, Office of Experiment Stations, Washington, 
D. C., is Secretary of the Plant Nematode Council. S. A. Wingard and 
R. G. Henderson, of the Virginia Agricultural Experiment Station, Blacks- 
burg, Virginia, are Chairman and Secretary, respectively, of the Tobacco 
Disease Council. 

S. A. Wingard, Chairman 
Tobacco Disease Council 
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OEMOND ROURKE BUTLER 


August 14j 1877-Oetober 24, 1940 

Dr. Butler received the Diploma of the Institiit Nationale Agrieole, 
Switzeidand, in 1895. He was graduated from the University of Cali- 
fornia with the degree of Bachelor of Science and received the degree 
of Master of Science from the same institution in 1905. He was 
granted the degree of Doctor of Philosophy by Cornell University in 
1910. 

From 1895, he was viticulturist-horticulturist in California; from 
1910 to 1912, he was research instructor in horticulture at the Univer- 
sity of Wisconsin; and from 1912 to the time of his death, he was head 
of the Department of Botany at the University of New Hampshire and 
Botanist of the New Hampshire Agricultural Experiment Station. 

Dr. Butler, in addition to being a member of The American Phyto- 
pathological Society, was a member of the American Society of Agron- 
om}^-, fellow of the American Association for the Advancement of Sci- 
ence, member of Sigma Xi and Phi Kappa Phi. 

In his chosen field Dr. Butler was one of the ■world authorities on 
copper compounds in relation to control of fungous diseases. His pub- 
lished papers on copper fungicides are classics. Dr. Butler gave spe- 
cial attention to the control of diseases of apples and potatoes and to 
the influence of environmental factors on mosaic symptoms. He was 
the moving spirit in building up the growing of seed potatoes in New 
Hampshire and in the present advanced practice of potato seed certi- 
fication. 
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WILLIAM WILLIAMS GILBERT 
September 17, 1880-Deeember 22, 1940 

William Williams Gilbert was graduated from the University of 
Vermont in 1904 with the degree of Bachelor of Science in Agricul- 
ture, and in 1909 he received the degree of Master of Science from the 
same institution. He also pursued graduate study at the University 
of Wisconsin in 1912, at George Washington University, 1913-14; 
and at Columbia University, 1914-15. He was elected to Phi Beta 
Kappa at the University of Vermont. 

Mr. Gilbert was Assistant in Botany at the University of Vermont, 
1903-04; and from 1904 to the time of his death he served in various 
capacities in the Bureau of Plant Industry, U. S. Department of Agri- 
culture, as follows : Special Agent, 1904-05 ; Scientific Assistant, 1905- 
08; Assistant Pathologist, 1908-12; Pathologist, 1913-28; Senior Pa- 
thologist, 1928 to the time of his death. 

He was a sustaining life member of The American Phytopatholog- 
ical Society. 

Mr. Gilbert did notable work on the diseases of cotton and vege- 
table crops. In the later years, he did editorial work on scientific 
manuscripts, for which he was unusually well qualified both by train- 
ing and disposition. His congenial personality endeared him to all 
his associates. His quiet yet jovial manner, together with sincerity 
and absolute integrity, made him a friend that is greatly missed. 
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HAVEN METCALF 
August 6, 1875-May 23, 1940 

Haven Metcalf attended Colby College and Brown University, was 
graduated from tlie latter in 1896 with the degree of Bachelor of Arts 
and was granted the degree of Master of Arts by the same institution 
ill 1897. He continued his studies at Harvard University in 1899, at 
Indiana in 1900, and at the University of Nebraska where he received 
the degree of Ph.D. in 1903. 

From 1896 to 1899 he was Instructor in Botany at Brown Univer- 
sity; 1899 to 1901, Professor of Biology at Tabor College ; 1901 to 1902, 
Instructor in Bacteriology at Nebraska; 1902 to 1906, Associate Pro- 
fessor of Botany and Bacteriology at Clemson College; 1904 and 1905, 
Special Agent of the United States Department of Agriculture; in 
1906, he became Pathologist in the Bureau of Plant Industry of the 
United States Department of Agriculture and in 1907 he organized 
and became the head of the Laboratory of Forest Pathology. In this 
last position he remained till his death in 1940, when he was Principal 
Pathologist in charge of the Division of Forest Pathology. 

Dr. Metcalf was a sustaining life member of The American Phyto- 
pathological Society and its President in 1914. He w^as a member of 
numerous other scientific societies. 

Although early in his career Dr. Metcalf did very creditable work ' 
as a teacher and in research in bacteriological problems and rice dis- 
eases, his great life work was the development of the science of forest 
pathology in the United States and especially of forest pathology re- 
search. He was the inspiring leader in this line for 33 years. He was 
not only himself a splendid investigator, but he had great ability in 
organizing research and in bringing together in harmonious coopera- 
tion the parties interested in these problems. This was especially 
revealed in his organization of the investigation of the problems pre- 
sented by the great epidemic tree diseases that have invaded America, 
the chestnut blight, the white pine blister rust, and the Dutch elm dis- 
ease. He was noted for intellectual honesty, thoroughness in research 
and organizing ability. He was a man of charm, interested in art, 
music, philosophy and literature, as well as in science in its broadest 
sense. 
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ERRATA, VOLUME 30 

Page 257, citation 2 of Literature Cited read Phytopath. 30: 171-174. 
1940 /or (In press). 

Page 260, table 1, column 4 read 94 for 92. 

Page 296, Add as footnote to table 6, See footnote 8. 

Page 297, citation 4, of Literature Cited, read Bailey for Baley. 

Page 455, line 52, read Urocystis for TJstilago. 

Page 580, line 5, read plain for plant. 

Page 836, line 15, read loss for less. 

Page 977, table 1, column 8 read in to for into. 

Add author names to index: Beech W. Henry, p. 1047. Elizabeth C. 
Wagner, p. (1047). 




FURTHEE experiments on the control by seed DISIN- 
FECTION OF ROOT-ROTTINQ FUNGI IN WHEAT" 

J . E . M A C H A C E K AND E . J . G R E A N E Y 2. 3 

(Accepted for publication September 16, 1940) 

INTOODtCTION 

Seedling blight of wheat, in Manitoba usually caused by the root-rotting 
fungi Helmmthosporium sativum P., K., and B. and Fusarium culmorum 
(W. G. Sin.) Saec., has been shown by the writers (2, 7, 8) to be controllable 
by proper seed disinfection. Organic mercury compounds gave the greatest 
degree of control, but usually^ even with these materials, the beneficial effects 
of seed treatment were not sustained during the entire life of the plant. 
Thus, although in certain yeahs the stand of plants was considerably im- 
proved by seed treatment, the improvement was not reflected by increased 
crop yields. 

In the present investigations, a special effort was made to discover the 
reason for the inconsistency of the yield results obtained in the previous 
experiments. In addition, 9 untried and unnamed seed disinfectants and 
4 untried commercial seed disinfectants were studied, the joint effect of seed 
disinfection and soil fertilization was measured, and an attempt was made 
to determine the effect or organic mercury dusts on disease-free wheat seed. 
The results of these studies, carried on from 1935 to 1939, inclusive, are 
presented and discussed in this paper. 

EXPERIMENTAL METHODS 

All of the experiments described here were performed at Winnipeg, and 
to compare the Winnipeg results with those obtained under other conditions 
of soil and climate, supplementary tests were made at other points in Mani- 
toba ; namely, at Souris, Treherne, and Morden. 

In 1935 and 1936, a number of untried, unnamed dusts, were subjected 
to field tests in which their fungicidal efficiency was compared with that of 
New Improved Ceresan. The dusts were applied, according to the require- 
ments of the experiment, to wheat seed that was previously infested with 
spores of Fusarium culmorum. The wheat variety Mindum was used in 
1935 and the variety Eenown in 1936. 

About one day after the seed treatments were completed, the seed was 
sown in the plots by hand or with a V-belt hand drill. At Winnipeg, in- 
oculum of Fusarium culmorum was added to the rows as the seed was 
planted. This inoculum, added to the soil at the rate of 600 cu. cm. to a rod 

1 Contribution No. 637 Botany and Plant Patbology, Science Service, Department of 
Agriculture, Ottawa, Canada. 

2 Assistant Plant Pathologist and Associate Plant Pathologist, respectively. 

3 The writers wish to thank P. W. Berk and Co., Ltd., London, England; McKenzie- 
Stephenson, Ltd., Winnipeg, Manitoba; and Canadian Industries, Ltd., Winnipeg, for 
their kindness in providing the fungicidal materials used in this investigation. 
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row, /was prepared by mixing a culture of the fungus with autoclaved soil. 
The fungus was grown on autoclaved ground oat hulls and then mixed with 
soil in the proportions of 1 part of culture, by volume, to 9 parts of soil. 
After an incubation period of about 2 weeks, the mixture was ready for use. 
T^or a supplementary test at Souris in 1936, the seed was not artificially in- 
fested nor was any inoculum added to the soil. An infestation was omitted 
for the reason that preliminary tests had shown the soil at the station to be 
already severely infested by F. mdmortim and further infestation was 
thought superfluous. 

A number of untried commercial-dust seed disinfectants were tested in 
1937, 1938, and 1939. For each test diseased wheat was used, but no in- 
oculum was added to the soil. In 1937 and 1938, the wheat belonged to 
the variety Pentad. This grain was grown in 1935 and originally showed 
about 90 per cent of the kernels infected by Helminthosporium sativim, 
A part of this lot of wheat had been used in previous experiments, the re- 
sults of w^hich have already been published (8). In 1939, when the supply 
of Pentad wheat was exhausted, Mindum wheat, grown in 1938 and with 
about 40 per cent of the kernels infected with H. sativum^ was used instead. 
Supplementary tests with these commercial dusts were made at Treherne 
in 1937, and at Morden in 1939. In each of these tests the seed was planted 
in rod rows with a V-belt drill. 

In the study of the joint effect of seed disinfection and soil fertilization, 
3 seed treatments (New Improved Ceresan, Leytosaii, control) and 2 soil 
treatments (ammonium phosphate, control) were employed in all possible 
combinations. The seed wheat was planted in 1/lOOth-acre plots with an 
ordinary seed drill equipped with a fertilizer attachment. In 1936, 1937, 
and 1938, clean seed of the variety Kenown and, for the 1939 test, diseased 
seed of the variety Mindum was used. The Mindum wheat was a part of 
the diseased lot mentioned ip the preceding paragraph. The fertilizer was 
applied at the rate of 54 pounds of the 11-48 mixture per acre, but at Souris, 
where a supplementary test was made in 1936, the 16-20 mixture was ap- 
plied at the rate of 88 pounds per acre. In each case the fertilizer was 
drilled into the soil with the seed. 

For the rod-rows experiments just described, the system of replication 
was 4 to 10 randomized blocks. For the 1/lOOth-acre plots, 6x6 Latin 
squares were used. 

In the rod-row experiments outlined above, the data relative to the influ- 
ence of the individual seed disinfectants on the emergence of seedlings and 
the development of root rot in the plants were obtained about a month after 
the seed was sown. The methods used in obtaining such data were those 
employed in earlier studies (7) . The method of determining the intensity 
of root rot in the individual plots, however, was based on the revised schedule 
of root-rot infection classes published by Greaney et al. (3). 

While, in the rod-row experiments described here, the data on the emer- 
gence of seedlings were based on the number of plants emerged from lots of 
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100 seed each sown in rod rows, in the 1/lOOth-aere plot experiments, in 
which the seed was sown with an ordinary drill, such a basis could not be 
adopted. In these large-plot experiments, therefore, thickness of stand was 
used as an index of seedling emergence and was determind by pulling and 
counting all the plants from 8 or 10 1-m. lengths of drill row taken at random 
from different locations in the same plot. The average count of plants from 
such locations in any particular plot gave a figure representing the thickness 
of stand for that plot. To obtain a root-rot rating for the plot, the pulled 
plants for each of the locations just mentioned were examined individually 
and classified according to the amount of root rot present. The sum of all 
readings gave a basis for all disease rating for that particular location, and 
the average of 8 or 10 such location-ratings gave a figure representing the 
root-rot rating for the entire plot. The data on thickness of stand and root- 
rot rating in the 1/lOOth-aere plots were obtained about 10 days prior to the 
ripening of the plants. 

All data relative to the emergence of seedlings, root-rot ratings, and yield 
from each experiment were treated statistically by the analysis-of -variance 
method, and the significance of the observed differences between treatments 
I was determined. 

I EXPERIMENTAL RESULTS 

Comparative Tests with Experimental Organic-mercury Dusts 

The 9 untried and unnamed dust seed disinfectants, earlier mentioned, 
were supplied by F. W. Berk and Co,, Ltd., London, England. They were 
subjected to field tests at Winnipeg in 1935, and at Winnipeg and Souris in 


TABLE 1. — The effect of some experimental organic mercury dusts on emergence of 
wheat seedlings during 1935 and 1936, the seed 'being artificially infested with Fusarhtm 
culmorum 


Active principle 
in dust 

Percent- 
age of 
mercury 

1935, Winnipeg 

1936, Winnipeg 

1936, Souris 

Treated 

seed 

Non- 

treated 

seed 

Treated 

seed 

Non- 

treated 

seed 

Treated 

seed 

Non- 

treated 

seed 

Methyl mercury 

1.0 

78 

76 

66 

52 

98 

92 

chloride 

1.6 

81 

68 

61 

45 

91 

92 


2.2 

79 

70 

68 

50 

94 

96 

Methyl mercury 

1.0 

84 

72 

66 

51 

88 

90 

nitrate 

1.6 

79 

66 

66 

46 

86 

90 


2.2 

88 

82 

66 

55 

94 

94 

Methyl mercury 

1.0 

82 

84 

64 

52 

86 

86 

iodide 

1.6 

86 

68 

69 

52 

90 

94 


2.2 

75 

74 

70 

47 

89 

97 

New Improved 

3.8 

88, 

76 

64 

55 

97 

92 

Ceresan 








Mean 

82.3 

73.6 

66.0 

50.5 

90.3 

92.3 

Standard error of mean 

±1.54 

±1.15 
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1936. Three of these dusts contained methyl mercury nitrate, 3 contained 
methyl mercury chloride, and the remaining 3 contained methyl mercury 
iodide. Within each group of 3 dusts, the chief difference lay in the per- 
centage of the active principle. Each dust was applied to the seed at the 
rate of 1 oz. per bu. 

These 9 dusts were compared with New Improved Ceresan in respect to 
their ability to prevent the seedling-blight and root rot of wheat caused by 
Fusarium culmontm. The experimental results (Table 1) showed that, at 
Winnipeg in 1935 and 1936, the percentage of seedlings emerging from the 
soil was significantly higher in the plots planted with dusted seed than in 
those planted with nontreated seed. The differences between treatments in 
the plots at Souris were found statistically insignificant. The individual 
dusts had similar effects on the emergence of seedlings, for, in all 3 tests, the 
observed differences between the dusts were not large enough to be signifi- 
cant. The latter result was surprising, for, owing to differences in chem- 
ical composition and in the amount of the active ingredient, some differences 
between the effects of the dusts were expected. 

The effects of the 10 dusts on the root-rot rating in the plots are shown 
in table 2. In both tests at Winnipeg, the rating was reduced as the result 


TABLE 2. — The effect of some experimental organic mercury dusts on the root-rot 
rating in month-old wheat seedlings during 1935 and 1936, the seed "being artificially 
infested with Fusarium culmonm 


Active principle 
in dust 

Percent- 
age of 
mercury 

1 

1935, Winnipeg 

1936, Winnipeg 

1936, Souris 

Treated 

seed 

Non- 

treated 

seed 

Treated 

seed 

Non- 

treated 

seed 

Treated 

seed 

Non- 

treated 

seed 

Methyl mercury 

1.0 

50 

50 

52 

62 

20 

23 

chloride 

1.6 

44 

56 

55 

67 

20 

22 


2.2 

51 

56 

52 

64 

19 

17 

Methyl mercury 

1.0 

44 

52 

51 

63 

24 

25 

nitrate 

1.6 

51 

58 

49 

64 

26 

23 


2.2 

45 

50 

54 

60 

18 

22 

Methyl mercury 

1.0 i 

49 

51 

54 

65 

31 

29 

iodide 

1.6 

46 

53 

48 

64 

28 

22 


2.2 

54 

50 

49 

69 

26 

19 

New Improved 

3.8 

43 

50 

52 

59 

17 

22 

Ceresan 








Mean 

47.7 

52.6 

51.6 

63.3 

23.5 

22.4 

Standard error of mean 

± 1.36 

±1.01 



of seed disinfection, but at Souris it was not reduced. Again, in all 3 tests, 
there seemed to be no difference between the effects of the individual dusts. 

No definite conclusion could be drawn from the yield data obtained in 
any of the 3 tests. At Winnipeg, it was found that, in 1935, the plot yields 
were increased by seed treatment, but, in 1936, no such increase was obtained 
(Table 3). The plots at Souris were seriously damaged by an invasion of 
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TABLE 3. — The efeet of some experimental organic mercury dusts on the yield of 
wheat in 19S5 and 1936, the seed being artificially infested with Fusarium cuhnormn 


Active principle in dust 

Percentage 
of mercury 

1935, Winnipeg 

1936, Winnipeg 

Treated 

seed 

Non-treated 

seed 

Treated 

seed 

Non-treated 

seed 

Methyl mercury chloride 

1.0 

4.4 

4.4 

16.6 

11.8 

1.6 

3.6 

5.6 

15.2 

11.6 


2.2 

5.8 

4.5 

18.0 

12.4 

Methyl mercury nitrate 

1.0 

4.0 

4.0 

15.2 

11.8 

1.6 

5.2 

6.8 

15.8 

11.9 


2.2 

4.3 

4.2 

16.0 

12.2 

Methyl mercury iodide 

1.0 

3.0 

3.4 

14.2 

12.3 

1.6 

4.3 

4.0 

17.8 

12.0 


2.2 

4.8 

4.8 

17.2 

12.0 

New Improved Ceresan 

3.8 

5.1 

6.6 

16.6 

12.8 

Mean 

4.4 

4.8 

16.2 

12.1 

Standard error of m 

ean 


±0.44 




grasshoppers and by the drifting of soil from an adjacent plowed field. 
They were, therefore, considered to be of no value as a source of accurate 
yield data. 

Comparative Tests with Commercial Dusts 

Five different dusts were tested in this experiment but no more than 3 
in any year. New Improved Ceresan was employed as a standard by which 
the other dusts were judged. Thus, in 1937, New Improved Ceresan (Cana- 
dian Register No. 602), Leytosan (Can. Eeg. No. 740), and Half -ounce Ley- 
tosan (Can. Reg. No. 942) were tested at Winnipeg and Treherne. In 1938, 
tests were made at Winnipeg and Morden, the dusts used being New Im- 
proved Ceresan, Leytosan, and Half -ounce Leytosan (Can. Reg. No. 989). 
In 1939, in a test at Winnipeg, the dusts were New Improved Ceresan, Half- 
ounce Leytosan (Can. Reg. No. 989) and an unnamed dust, supplied by F. 
W. Berk and Co., Ltd., bearing the symbol IV, 39. Leytosan was applied 
to the seed at the rate of 1 oz. per bii. of grain • the other dusts were applied 
at the rate of 0.5 oz. per bu. 

The results of these tests are shown in tables 4, 5, and 6. Table 4 shows 
the effects of the different dusts on the emergence of the seedlings arising 
from wheat seed infested with Helminthospormm sativum. In each of the 
tests, seed disinfection increased the percentage of seedlings that emerged 
from the soil, but the dusts seemed to be equally effective. Somewhat sim- 
ilar results (Table 5) were obtained with respect to the root-rot ratings in 
the plots. In all of the tests, with the exception of the one at Winnipeg in 
1939, seed disinfection reduced the root-rot rating. In 1939, owing to un- 
favorable weather conditions at Winnipeg, root rot in the seedlings did not 
develop to the usual extent, and, therefore, for this test, no conclusion could 
be drawn. The effects of the dusts, again, were not strikingly different. 


384 


Phytopathology 


[VoL. 31 


TABLE 4. — The effect of some commercial organic mercury dusts on the emergence 
of seedlings from Pentad wheat seed naturally infected with Selmwithosporium sativum 


Seed treatment 

Wiiinpeg 

Trekerne 

Morden 

1937 

1938 

1939 

1937 

1938 

Control 

46 

49 

70 

48 

52 

New Improved Ceresan ... 

79 

66 

85 

84 

86 

Leytosan 

78 

66 


82 

85 

Half-onnee Leytosan^ 

75 



79 


Half'Omiee Leytosanb ...... 


67 

85 


80 

Berk IV, 39 



77 



Standard error 

±1.72 

±2.51 

±1.51 

±2.76 

±2.16 


a Canadian Eegister JSTo. 942. 
b Canadian Eegister No. 989. 


TABLE 5. — The effect of some commercial organic mercury dusts on the root-rot 
rating in seedlings from Pentad wheat seed naturally infected with Selminthosporium 
sativum 


Seed treatment 

Winnipeg 

Trelierne 

Morden 

1937 

1938 

1939 

1937 

1938 

Control ^ 

71.2 

63.4 

16.1 

72.7 

65.8 

New Improved Ceresan ... 

49.1 

50.0 

13.9 

48.6 

42.4 

Leytosan 

50.7 

50.7 


49.6 

42.5 

Half -ounce Leytosan^ 

51.2 



51.3 


Half-omice Leytosanb 


49.6 

15.2 


47.6 

Berk IV, 39 



15.1 



Standard error 

±1.32 

±2.02 


±1.94 

±1.54 


a Canadian Eegister No. 942. 
b Canadian Eegister No. 989. 


TABLE 6. — The effect of some commercial organic mercury dusts on the yield of 
Pentad wheat from seed naturally infected with Helminthosporium sativum 


Seed treatment 

Winnipeg 

Trekerne 

i 

Morden 

1937 

1938 

1939 

1937 

1938 

Control 

30.1 

18.3 

35.9 

10.6 

32.6 

New Improved Ceresan ... 

45.2 

22.5 

37.6 

13.0 

42.5 

Levtosa.n 

43.1 

19 7 


13.5 

43.3 

Half-ounce Leytosan^ 

40.1 : 



14]o 

Half-ounce Leytosanb ...... 


21.4 

32.4 


41.4 

Berk IV, 39 



35.9 



Standard error 

±1.33 

±0.59 


±0.75 

± 1.66 


a Canadian Eegister No. 942. 
b Canadian Eegister No. 989. 


Tlie results eoncerniug plot yields showed (Table 6) that in 1937 and 1938 
the yields were improved by seed disinfection and that there was no marked 
difference between the abilities of the different dusts to bring about the 
improvement. In 1939, however, in spite of the fact that seed disinfection 
improved seedling emergence to a considerable extent, the yield was not 
improved. 
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The Joint Effect of Seed Disinfection and Soil Fertilization 

As indicated in the review of literature given by Leukel (5), workers 
with seed disinfectants often observed that treatment of the seed with organic 
mercury dusts increased the vigor of the subsequent seedlings. In some eases 
this increase in vigor wms attributed to a chemical stimulus received by the 
seedlings • in other cases it was thought to be the result of the protection af- 
forded the seedlings by the dusts against pathogenic soil-inhabiting micro- 
organisms. 

Whatever the reason for this increase in vigor, the present writers were 
of the opinion that, if seed disinfection was accompanied by soil fertiliza- 
tion, the increase in vigor resulting from the action of the disinfectant might 
be sustained in later stages of growth by the fertilizer. It was argued that, 
with soil fertilization, the difference between the yield of strong plants from 
disinfected seed and the yield of weaker plants from nontreated seed should 
be considerably greater than if soil fertilization was omitted. Thus, by 
assuming that seed disinfection and soil fertilization, individually, had bene- 
ficial effects on yield, it was considered possible that, if the 2 were employed 
together, the joint effect would be greater than the sum of the 2 individual 
effects. 

To test the validity of this hypothesis, all possible combinations — 6 in all 
— of 3 seed treatments (New Improved Ceresan, Leytosan, no disinfectant) 
and 2 soil treatments (ammonium phosphate and no fertilizer) were tested 
in 1936, 1937, 1938, and 1939. During the first 3 years, disease-free wheat 
seed was sown, but, in 1939, seed naturally infected with Helminthosporium 
sativum was used instead. The change was made with the object of secur- 
ing more pronounced differences between treatments. When the field notes 
were taken, particular attention was given to the effect of the different treat- 
ment combinations on plot yields. In addition, data on thickness of stand 
and root rot were obtained in 1936, 1937, and 1938. 

The results from this experiment lent little support to the hypothesis 
just mentioned. A joint effect of seed disinfection and soil fertilization was 
indicated in several of the tests, but the results were mostly contrary to what 
was expected. Thus, in 1936, at Souris, the stand of mature plants was 
thicker in the fertilized plots sown with disinfected seed than in those re- 
ceiving other treatments. On the other hand, the results obtained in the 
fertilized plots at Winnipeg in 1937 showed that seed disinfection reduced 
the stand. In 2 other tests, the differences produced by the treatments were 
not significant. The data relative to the root-rot rating in these plots gave 
very little information as to the merits of the different treatments. In 3 of 
4 tests no significant differences between treatments were obtained, and in 
the 4th test, one made at Winnipeg in 1937, soil fertilization reduced slightly 
the amount of root rot, while seed disinfection apparently did not. 

The most conclusive information relative to the influence of the different 
treatment combinations were obtained from the data on plot yields. In the 
4 tests made in 1936, 1937 and 1938, soil fertilization increased plot yields 
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by significant amounts, but in each test the plots sown with disinfected seed 
yielded slightly less than those sown with nontreated seed. This effect of 
the seed disinfection was also observable in the 1939 test, although in this 
ease significant differences between treatments were not established. The 
tendency for seed disinfection to reduce plot yields frequently occurred in 
the nonfertilized plots, but the reductions were slightly less marked than in 
the fertilized plots. The conclusions of Neill (9) that soil fertilization with 
phosphates offsets the toxicity from organic mercury seed disinfectants were 
not supported by these results. 

The detailed results from this experiment are shown in tables 7, 8, and 9, 
while a summary of these results is shown in table 10. 


TABLE 7. — The effect of comhmed seed treatment and soil fertilization on the thiclc- 
ness of stand of wheat 'plants in 1/WO-acre plots at Winnipeg and Souris 



Soil 

treat- 

ment 

Seed treatment 

S.E.a of 

Mean of 

S.E.a of 

Year and loca- 
tion of test 

New Im- 
proved 
Ceresan 

Ley to - 
san 

Control 

seed 

treat- 

ments 

seed 

treat- 

ments 

mean of 
treat- 
ments 

1936, Souris 

NP 

57 

60 

49 

-1-2.97 

55.3 

±1.66 

do 

Control 

50 

55 

56 

± 2.97 

53.7 

1936, Winnipeg 

NP 

51 

57 

53 


' 53.7 i 


do 

Control 

38 

54 

55 


49.0 


1937, Winnipeg 

NP 

63 

61 

68 

±1.55 * 

64.0 

±1.08 

do 

' Control 

1 

64 

64 

70 

±1.55 

66.0 

1938, Winnipeg 

NP 

44 

46 

44 


45.5 


do 

Control 

1 

46 

43 

46 


45.0 



a S.E. = Standard error. 


TABLE 8. — The effect of combined seed treatment and soil fertilization on the root- 
rot rating in wheat plants in 1/100-acre plots at Winnipeg and Souris 


Year and loca- 
tion of test 

Soil 

treat- 

ment 

Seed treatment 

S.E.a of 
seed 
treat- 
ments 

Mean of 
seed 
treat- 
ments 

S.E.a of 
mean of 
treat- 
ments 

New Im- 
proved 
Ceresan 

Ley to - 
san 

i 

Control 

1936, Souris 

NP 

42 

37 

40 


39.7 


do 

Control 

40 

42 

40 


40.7 


1936, Winnipeg 

NP 

42 

43 

43 


42.7 


do 

Control 

45 

48 

46 


46.3 


1937, Winnipeg 

NP 

31 

32 

31 

-f 1.08 

31.3 


do 

Control 

39 

40 

38 

±1.08 

39.0 

3 u.uo 

1938, Winnipeg 

NP 

16 

16 

16 

1 

16.0 


do 

Conti’ol 

17 

17 

17 


17.0 



a S.E. = Standard error. 


It shoiild be remembered that tbe above results were obtained principally 
from tests in which disease-free wheat seeds was used. Diseased seed was 
used in only one test, the one at 'Winnipeg in 1939, and in this test significant 
differences between treatments could not be established, chiefly for the rea- 
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TABLE 9.— 'The effect of comUned seed treatment and soil fertilisation on the yield 
of wheat in 1/100-aere plots at Winnipeg and Souris 


Year and loca- 
tion of test 

Soil 

treat- 

ment 

Seed treatment 

S.E.a of 
seed 
treat- 
ments 

Mean of 
seed 
treat- 
ments 

S.E.a of 
mean of 
treat- 
ments 

New Im- 
proved 
Ceresan 

Leyto- 

san 

1 

Control 

1936, Souris 

NP 

9.2 

10.2 

12.4 

-el.08 

10.6 


do 

Control 

5.2 

6.1 

5.6 

±1.08 

5.6 

± 0.64 

1936, Winnipeg 

NP 

15.8 

15.5 

16.8 

±0.53 

16.1 


do 

Control 

13.0 

14.8 

15.4 

±0.53 

14.8 

± 0.33 

1937, Winnipeg 

NP 

29.6 

30.0 

32.0 

±0.70 

30.6 


do 

Control 

1 21.6 

24.3 

22.6 

±0.70 

22.6 

± 0.41 

1938, Winnipeg 

NP 

21.5 

18.6 

22.1 

±0.83 

20.7 


do 

Control 

14.6 

14.3 

15.6 

±0.83 

14.7 

± 0.52 

1939, Winnipeg 

NP 

25.5 

26.6 i 

28.3 


26.8 


do 

Control 

25.9 

. 27.7 

26.5 


26.7 



a S.E. = Standard error. 


TABLE 10 . — A Summary of the data presented in tables 7, 8, and 9, showing the 
average effect on thiclcness of stand, root-rot rating, and yield in wheat grown in 1/ 100- 
acre plots at Winnipeg and Souris 





Seed treatment 


Mean of 
soil 

treatments 

Effect on 

Soil 

treatment 

New 

Improved 

Ceresan 

Leytosan 

Control 


NP 

53.7 

56.0 

53.5 

54.4 

Thickness 

Control 

49.5 

54.0 

56.7 

53.4 

of stand 






Mean 

51.6 

55.0 

55.1 


Root-rot 

NP 

32.7 

32.0 

32.5 

32.4 

Control 

35.2 

36.7 

35.2 

35.7 

rating 






Mean 

33.9 

34.3 

33.8 



NP 

20.3 

20.2 

22.3 

20.9 

Yield 

Control 

16.0 

17.4 

17.1 

16.9 


Mean 

18.1 , 

. 18.8 

19.7 



son that a sufficient amount of disease did not develop. Therefore, although 
the results obtained in the experiment were contrary to what was expected 
on the basis of the earlier-mentioned hypothesis, other tests, with diseased 
seed, seem necessary because, with diseased seed, seed disinfection often in- 
creased the yield (Table 6) and by the further use of such seed some support 
for the hypothesis might be obtained. 

The Effect of Organic Mercury Dusts on Disease-free Wheat Seed 

It appears (5) that a considerable number of investigators have found 
seed disinfection to be a decidedly profitable farm practice. It seems, how- 
ever, that insufficient weight has been given to the fact that this result was 
obtained with damaged or diseased seed, and the belief that seed disinfection 
is beneficial under practically all farming conditions has been thus created. 
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On the contrary, it was shown by Leukel and Stanton (6) that, with oats, 
the disinfection of clean seed improyed crop yields in some localities but not 
in others, and by Lenkel (5), that clean corn seed did not respond to treat- 
ment unless sown in cold, wet soil. Koehler (4) found that the disinfection 
of clean seed of wheat, oats, and barley did not consistently increase the 
yield, and suggested that seed disinfection was beneficial only when prac- 
tised on diseased seed. The results obtained by Christensen and Stakman 
(1) indicated that the benefits derived from seed disinfection were propor- 
tional to the amount of disease on the seed. 

The results from a number of field experiments in which organic mer- 
curials were used have led the present writers to the conclusion that, under 
the conditions occurring in Manitoba, the disinfection of clean wheat seed 
is not a profitable farm practice. In some of these experiments (Table 9 
and 10), the treatment of the seed not only failed to increase crop yields 
but actually decreased them. A review of all the experimental work per- 
formed by the writers since 1932 showed (Tables 11, 12, and 13) that, with 
clean seed, the application of organic mercurials to the seed failed to im- 
prove the emergence of seedlings from the soil, or to reduce the amount of 
root rot in the plants. As already pointed out, the disinfection tended to 
lower the yield. On the other hand, when the seed was artificially infested 
with spores of Fusay'ium culmorum, seedling emergence was improved in 
all eases, the amount of root rot was often reduced, and the yield occasionally 
increased. With seed naturally infected with Helmmthosporium sativum. 


TABLE 11 . — The effect of seed treatment with organic mercury dusts on the per- 
centage of emerged seedlings from disease-free and diseased seed of wheat 


Year 

Number 
of tests 

Condition of seed 

Dusted 

seed 

Control 

Cain 

1932 

2 

Disease-free 

56.7 

55.3 

+ 1.4 

1933 

1 

do 

68.1 

72.1 

- 4.0 

1934 

1 

do 

84.7 

81.1 

4- 3.6 

1935 

1 . 4 

i do 

87.8 

86.5 

+ 1.3 

1936 

! 1 

do 

67.3 

67.0 

■f 0.3 

1937 

I 1 

do 

63.0 

69.0 

- 6.0 

1938 


do 

44.7 

45.0 

- 0.3 

Mean of disease-free seed tests 

67.4 

68.0 

- 0.6 

' 1932 j 

2 

Infested with F. culmorum 

54.2 

39.2 

+ 15.0 

1933 ^ 

1 

do 

63.3 

45.1 

+ 18.2 

1934 

1 

do 

81.1 

74.4 

+ 6.7 

1935 

2 

do 

80.6 

64.9 

+ 15.7 

1936 

1 

do 

58.3 

31.2 

+ 27.1 

Mean of E. cnlmonm tests 

67.5 

50.9 

+ 16.6 

1936 

1 

Infested with m. sativum 

86.5 

38.0 

+ 48.5 

1937 

2 

do 

79.4 

47.0 

+ 32.4 

1938 

2' ' ■ 

do 

75.1 

50.5 

+24.6 

1939 

1 

do 

82.3 

■ 70.0 

+ 12.3 

Mean of S. sativum tests ! . . 

80.8 

51.3 

+ 29.5 
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the beneficial effects of disinfection were even more marked. With each 
kind of seed, there were occasional exceptions to the general rule, but often 
a reason for the discrepancy could be found. 

Concerning the results shown in tables 11, 12, and 13, it may be pointed 
out that they are the averages of all the tests made in individual years. 
Where a comparison is made between dusted and nondusted seed, the results 
for several dusts used in individual tests were averaged and the average was 
used as a single value to compare with the value obtained from the control. 
The single values, from the separate tests, for dusted and nondusted seed 
were then averaged to give the mean for each year. Thus the summarized 
results are derived from the data obtained from a number of tests made in 
different ways, in different locations, and in different years. It may be 
added that, in the course of the tests, some disinfectants were discarded and 
others used in their place ; but, as already shown in this paper, the disin- 
fectants used differed very little in their effect on seedling emergence, root- 
rot rating, and the yield. It can be assumed, therefore, that the average of 
the results from several different disinfectants is very similar to the result 
that would be obtained with any single disinfectant. On this basis, a direct 
comparison between the result from different years seemed permissible. 


TABLE 12. — The effect of seed treatment with organic mercury dusts on the root-rot 
rating in wheat plants arising from disease-free and diseased seed 


Year 

Number 
of tests 

Condition of seed 

Dusted 

seed 

Control 

Gain 

1932 

2 

Disease-free 

18.7 

20.1 

+ 1.4 

1933 

1 

do 

62.3 

57.6 

- 4.7 

1934 

3 

do 

42.3 

45.8 

+ 3.5 

1935 

4 

do 

46.0 

46.4 

-H 0.4 

1936 

4 

do 

38.2 

38.7 

-f- 0.5 

1937 

1 

do 

35.5 

34.5 

- 1.0 

1938 

1 

do 

16.5 

16.5 

0.0 

Mean of disease-free seed tests 

37.1 

37.1 

0.0 

1932 

2 

Infested witli F. culmorum 

19.5 

20.5 

+ 1.0 

1933 

1 

do 

62.3 

57.6 

- 4.7 

1934 

1 

do 

36.7 

37.0 

H- 0.3 

1935 

2 

do 

47.5 

57.0 

-f 9.5 

1936 

1 

do 

58.5 

78.1 

-1-19.6 

Mean of F. culmorum tests 

44.9 

50.0 

-f 5.1 

1936 

1 

Infested with H. sativum 

50.0 

71.2 

■f 21.2 

1937 

2 

do 

50«0 

71.9 

+ 21.9 

1938 

2 

do 

47.1 

64.6 

+ 17.5 

1939 

1 

do 

14.7 

16.1 

+ 1.4 

Mean of S, sativum tests 

40.5 

55.9 

+ 15.4 


The Eelation of Seedling Blight and Thiekness of Stand to the Yield in 

Wheat, Oats and Barley 

As has already been shown in this paper, the infection of wheat seed by 
root-rotting fungi results in a seedling blight that reduces the thickness in 
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TABLE 13. — The effect of seed treatment with organic mercury dusts upon the yield 
of wheat from disease-free and diseased seed 


Year 

Number 
of tests 

Condition of seed 

Dusted 

seed 

Control 

Gain 

1932 

4 

Disease-free 

23.1 

21.5 

+ 1.6 

1933 

3 

do 

12.8 

14.1 

- 1.3 

1934 

3 

do 

17.7 

17.7 

0.0 

1935 

4 

do 

12.0 

12.3 

- 0.3 

1936 


do 

13.2 : 

13.6 

~ 0.4 

1937 

1 

do 

26.3 

27.3 

- 1.0 

1938 

1 

do 

17.2 

18.8 

- 1.6 

Mean of disease-free seed tests 

17.4 

17.9 

- 0.5 

1932 

2 

Infested witli F. culmorum 

26.2 

20.8 

-1- 5.4 

1933 

1 

do 

18.9 

14.8 

T 4.1 

1934 

1 

do 

32.6 

34.3 

- 1.7 

1935 

3 

do 

6.2 

6.8 

~ 0.1 

1936 

1 

do 

15.2 

8.4 

+ 6.8 

Mean of F. culmorum tests 

19.8 

16.9 

+ 2.9 

1936 

1 

Infested with K, sativum 

44.1 

30.1 

+ 14.0 

1937 

2 

do 

28.1 

20.3 

+ 7.8 

1938 

2 

do 

31.8 

25.4 

-{- 6.4 

1939 

2 

do 

30.8 

31.6 

- 0.8 

Mean of H. sativum tests 

33.7 

26.8 

+ 6.9 


the stand of plants. This reduction in thickness of stand is often accom- 
panied hy a reduction in the yield of grain. When the diseased grain is 
treated with an organic mercury dust, seedling blight is prevented, the thick- 
ness of stand improved, and the yield of grain often increased. Occasion- 
ally, however, an increase in thickness of stand is secured through seed 
treatment but there is no increase in the yield of grain, as is shown by the 
results obtained by the writers in 1934, 1935, and 1939 (Tables 11 and 13.) 
This departure from the usual is the reason for the experiments discussed 
here. 

At Winnipeg, in 1938 and 1939, disease-free seed of wheat, oats, and 
barley was sown at 6 different seeding rates, ranging from 50 to 500 seeds 
to a rod row. The rows were spaced 1 ft. apart and were frequently inter- 
tilled to ensure freedom from weeds. Following harvest and threshing, the 


TABLE 14. — The effect of different seeding rates on the yield (grams) of individual 
wheat, oat, and harley plants at Winnipeg in 19S8 and 1$39 


Number of seeds 
per rod row 

Wheat 

Oats 

Barley 

1938 

1939 

1938 

1939 

1938 

1939 

50 

1.620 

6.280 

3.748 

7.414 

4.736 

5.632 

100 

1.150 

3.940 

2.257 

4.307 

2.840 

3.096 

200 

0.820 

2.105 

1.273 

2.162 

1.704 

1.900 

300 

0.586 

1.370 

0.899 

1.622 

1.280 

1.408 

400 

0.435 

1.207 

0.658 

1.150 

0.984 

1.038 

500 

0.360 

0.916 

0.554 

1.017 

0.821 

0.805 
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plot yield and the mean yield of individual plants were determined for each 
rate of seeding. The data from these experiments are summarized in tables 
14 and 15. 


TABLE 15. — The effect of different seeding rates on the yield {hushels per acre) of 
wheat, oats, and harley at Winnipeg during 1988 and 1989 


Number of seeds 

Wheat 

Oats 

Barley 

per rod row 

1938 

1939 

1938 

1939 

1938 

1939 

50 

8.1 

31.4 

33.1 

65.5 

29.6 

35.2 

100 

11.5 

39.4 

39.8 

76.1 

34.5 

38.7 

200 

16.4 

42.1 

45.0 

76.4 

42.6 

47.5 

300 

17.6 

41.1 

47.7 

86.0 

48.0 

52.8 

400 

17.4 

48.3 

46.5 

81.3 

49.2 

51.9 

500 

18.0 

45.8 

49.0 

89.9 

51.3 

50.3 

Standard error 

±0.58 

±2.31 

± 1.65 

±4.13 

±2.74 

±3.52 

Significant difference 

1.63 

6.51 

4.65 

11.64 

7.72 

9.92 


Table 14 shows that the mean yield of individual plants increased as the 
rate of seeding decreased. This is in accord with the observations made 
on the growing plants, the thinly-spaced plants appearing to be more vig- 
orous and tillering more freely than the thickly-spaced plants. However, 
as table 15 shows, with seeding rates of 200 seeds to a rod row and above, 
the plot yields were at about the same level. Below the 200-seed rate the 
plot yields were reduced. 

Somewhat similar results were obtained from a study of Manitoba wheat 
fields. Fifty-six fields, well distributed throughout the wheat belt of the 
Province, were entered and sampled. Ten samples, each sample consisting 
of all the plants from 1 m. (39.37 in.) of drill row, were collected at random 
from widely scattered points in each field. The plants obtained from each 
field were counted and threshed, and from the data thus obtained the mean 
yield of single plants and the yield of grain per acre for each rate of seeding 
were calculated. The results of this farm survey are shown in table 16. 

It is noteworthy that the trends observed in the experimental plots at 

TABLE 16. — The effect of thictcness of stand on the yield of individual plants and on 
the yield per acre in Manitoba wheat fields in 1939 


Thickness of stand 
(Number of plants in 
16.5 feet of drill row) 

Number of fields 
in class 

Average yield of 
individual plants 

Yield per acre 



Grams 

Bushels 

200~250 

3 

1.307 

26.12 

251-300 

5 

0.828 

20.88 

.301-350 

17 

0.892 

26.94 

351-400 

13 

0.696 

24.50 

401-450 

9 

0.689 

27.68 

451-500 

6 

0.582 

26.30 

501-550 

1 

0.561 

28.18 

551-600 

1 ‘ 

0.450 

24.86 

601-650 

1 

0.400 

24.08 
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■Winnipeg and tlie trends observed in the farm wheat fields were very sim- 
ilar/ although the field methods of cultivation were different. In both cases, 
the individual plants in a dense stand yielded less than those in a thin stand, 
and seeding rates of 200 to 500 seeds to a rod row resulted in a more or less 
uniform level of yields per acre. 

It has been pointed out above that the crowded plants in the Winnipeg 
experimental plots were less vigorous and tillered less than those that were 
not crowded. In general, the same situation was observed in the farm fields 
that were sampled. This difference in vigor and tillering of plants seems 
to account for the difference in their yielding ability, and also for the fact 
that the yields per acre, over a wide range of seeding rates, persisted at 
approximately the same level. 

It would seem, therefore, that the results obtained from these studies 
help to provide an answer to the problem introduced in the opening para- 
graph of this section. It has been stressed already that seedling blight in 
cereals is associated with an infection or a contamination of the seed with 
root-rotting fungi. If a loss of these seedlings was the only damage from 
these root-rotting fungi, it would seem that a great many seedlings could be 
destroyed without any noticeable effect on the subsequent yield of the crop. 
The present study shows that up to 60 per cent could be lost in this way 
without an adverse effect. Conversely, if these seedlings were saved by seed 
disinfection there also would be little, if any, gain as far as would concern 
the final yield. Actually, however, the root-rotting fungi carried by cereal 
seed do not destroy all of the seedlings arising from infected seed. In the 
majority of eases the seedlings are only weakened and their individual yield 
is reduced. Consequently, in such cases, seed disinfection not only increases 
the thickness of stand but also increases vigor of the plants. Thus a gain 
in yield results, although there is only a small increase in the number of 
plants that grow. When, as in 1939, for some reason root-rot in the growing 
plants does not develop, although a number of seedlings are destroyed earlier 
by blight, the yield need not be reduced unless the loss of seedlings is very 
great. In other cases, such as occurred at Winnipeg in 1934 and 1935, root 
rot in the surviving plants does develop ; but this damage, combined with 
the loss of seedlings, is not sufficient to reduce the yield, and, therefore, no 
beneficial results can be obtained from seed treatment. 

DISCUSSION 

The salient facts indicated by the experimental results obtained during 
the present study are: 1. Wheat seed, not infected by root-rotting, smut, or 
other seed-borne fungi does not respond favorably to treatment with organic 
mercurials, and 2. With seed infected with root-rotting fungi, the results of 
the treatment, although often very advantageous, will vary. At the present 
time, a grower cannot anticipate with any degree of certainty the results 
he will secure from seed treatment. The treatment is employed chiefly as 
a precautionary measure, and, as shown in this paper, it may be a costly 
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one. In addition, the experience of the writers indicates that the benefits 
from seed treatment are likely to vary directly with the amount of disease 
on the seed and also with the humidity of the climate under which the crop, 
arising from the treated seed, is grown. 

It seems essential, therefore, that, if seed treatment is to be employed 
to advantage, the health condition of the seed should be determined. The 
grain grower, usually, is not qualified to make such determinations, as he 
is improperly equipped to make accurate tests and because the visual ex- 
amination of the seed, as a criterion of its health condition, is likely to be 
misleading. Examination of the seed by skilled technicians would permit 
the grower to learn year by year whether or not seed treatment could be 
employed with profit. Furthermore, if the seed was found to be free from 
disease, the likelihood is that he could market h’is surplus at a premium. 

From the results given in this paper, the advantages of sowing disease- 
free seed are obvious. A yearly seed survey would indicate in what areas 
seed contamination was most prevalent and in what areas it was least. Such 
a survey would indicate where seed treatment or the importation of disease- 
free seed wms needed. Preliminary investigations by the writers show that 
some areas are much more likely than others to produce disease-free seed or 
relatively disease-free seed year after year. Thus, if further investigations 
confirm this finding, these areas may be regarded as desirable for seed-grain 
production. The extent to which grain from such areas could be distributed 
for seed purposes, however, would, of course, be limited by the cost of trans- 
portation. 

SUMMARY 

In tests of a number of different organic mercury dusts, it was found 
that these dusts, regardless of differences in chemical composition and in 
mercury content, had apparently similar effect on the percentage of seed- 
lings that emerged from the soil, on the amount of root rot in the plants, 
and upon the yield in wheat. 

When disease-free seed was disinfected, the treatment tended to decrease 
the yield, but had no effect on emergence of seedlings or on the amount of 
root rot. In seed artificially infested with F%sari%m culmorum or naturally 
infected with Helminthosporium sativum, the emergence of seedlings was 
always improved by seed disinfection. With but few exceptions, treatment 
of diseased seed reduced the amount of root rot and increased the yield of 
grain. 

Soil fertilization increased the yield of wheat in field plots sown with 
disease-free seed. Seed disinfection in combination with the soil fertiliza- 
tion resulted in no further increase in yield. 

Dominion Laboratory OF Plant Pathology, 

Winnipeg, Manitoba. 
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PUEIPICATION AND PROPERTIES OF ALFALFA-MOSAIC 
VIRUS PROTEIN 

A. Prank Ross 

(Accepted for publication September 10, 1940) 

Since the isolation of tobacco-mosaic virus protein by Stanley in 1935 
(16), several other virus nueleoproteins have been obtained in highly puri- 
fied or crystalline form (3-5, 12, 13, 17, 18). While it is suspected that 
some of these viruses are transmitted by insects, the specific insect vectors 
are not known. Potato virus Y and Hyoscyamus virus 3, which are known 
to be transmitted by insects, were purified by Bawden and Pirie by chemical 
means (6), but the products were considered impure and largely inacti- 
vated. It seemed desirable, therefore, to attempt the isolation in a highly 
purified and active form of a virus known to be transmitted by a specific 
insect vector and to compare its properties with those of previously isolated 
viruses. 

Alfalfa-mosaic virus (Marmor medicaginis H.)^ is transmitted by the 
pea aphid, Macrosiphum (Illinoia) pisi Kalt. (20). The virus can also be 
transmitted mechanically, and produces local lesions on some varieties of 
Phaseolus viclgaris L., making it possible to obtain quantitative estimations 
of virus activity. Since the virus is rather unstable, isolation was at- 
tempted by means of differential centrifugation at low temperature, a 
method that has proved well suited for such viruses (18). The results of 
the application of this method to alfalfa-mosaic virus are here presented, 
together with a description of some of the properties of the purified material. 

EXPERIMENTAL 

The virus used is believed to be identical with or a closely related strain 
of the virus designated by Eaumeyer as alfalfa-mosaic virus 1 (21). Virus 

1 Nomenclature presented in Handhooh of Fhytopathogenia Viruses, by Francis O. 
Holmes, Burgess Publishing Company (Minneapolis) . 1939. 
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activity was determined by the half -leaf method, as described by Loring for 
tobacco-mosaic virus (11), using Phaseolus vulgaris var. Early Golden 
Cluster as the test plant. Unless otherwise stated, all inoculations were 
made in 0.1 M phosphate buffer at pH 7.1. Plants of Holmes’ necrotic-type 
tobacco (7), derived from Turkish tobacco {Nicoiiana tabacim L.), were 
inoculated while young and harvested 10 to 12 days later, since, at greater 
intervals after inoculation, the plants contain much smaller amounts of virus 
(14). 

Extraction of Virus 

If such plants are ground and pressed without altering the pH of the 
juice, only a portion of the virus contained in them is removed (14). If 
sodium hydroxide or dipotassium phosphate is added to the ground plant 
material in quantities such that the juice will be at about pH 7, the amount 
of virus obtained is more than doubled. Juice from unfrozen plants is 2 
to 4 times as active as that from plants frozen at -14° C. and nearly twice 
as active as that from plants frozen rapidly with solid carbon dioxide. The 
extracted juice (at about pH 7) may be frozen by the latter method without 
appreciably affecting the activity, while freezing at -14° C. results in a 
reduction of 20 to 30 per cent. The losses caused by freezing are probably 
mechanical in nature, for, as will be shown later, freezing has little or no 
effect on the virus when purified. Centrifugation on a Swedish angle centri- 
fuge or filtration through celite (Hyflio Super-Cel) does not remove all of 
the chlorophyll. Filtration through a finer grade of celite (Standard 
Super-Cel) that removes all chlorophyll also removes about 90 per cent of 
the virus. 

In the method generally used, the harvested plants were cooled to about 
4° C., then put through a meat grinder. Three per cent by weight of dipo- 
tassium phosphate in the form of a 50 per cent aqueous solution was added 
to the pulp, which, after thorough mixing, was allowed to stand at 4° C. for 
about 1 hour. The juice was removed by pressing through bandage gauze, 
placed in round-bottom flasks or lusteroid centrifuge tubes that were stop- 
pered and placed at -14° C. or in solid carbon dioxide. When completely 
frozen, the juice was thawed by rotating the flasks under cold tap water or 
by centrifuging at room temperature. The juice was then centrifuged on 
a Swedish angle centrifuge at 4° C. or filtered through celite at 4° C. 

Ultracentrifugation 

The clarified juice was ultracentrifuged at 0° to 5° C. in a manner similar 
to that described by Stanley for the isolation of tobacco-ringspot virus (18). 
About li hours at 30,000 r.p.m. in a field of approximately 60,000 times 
gravity were required to sediment all of the virus. The pellets were dis- 
solved in 0.1 M or 0.01 M phosphate buffer at pH 7.1, or in one of the fore- 
going buffers containing 0.5 mg. cysteine per cc., or in such other solvents 
as will be mentioned later. The insoluble material was removed by low- 
speed centrifugation at 4° 0. for 30 to 60 minutes, and the supernatant 
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liquid containing the virus was again subjected to nltracentrifngation. 
The process of high- then low-speed centrifugation was repeated 2 or 3 times, 
but in practically all cases the virus was contaminated by a green material, 
which contained phosphorus, nitrogen, and carbohydrate. It was found 
possible to remove this material by centrifuging at 30,000 r.p.m. for 1 min- 
ute. The green material was sedimented and the supernatant liquid, con- 
taining practically all of the virus, was decanted into clean tubes and ultra- 
centrifuged for I'l hours. The process of 3 or 4 cycles of alternate high- 
and low-speed centrifugations, with two short-time high-speed runs resulted 
in the isolation of a high molecular weight protein, free of the green mate- 
rial and possessing virus activity. The purified material was invariably 
light-brown, but repeated ultracentrifugation did not appreciably reduce 
the amount of brown pigment. 

Chemical Composition and Yield of Purified Virus 

In table 1 are listed data on the yields and analyses of purified prepara- 
tions obtained by different procedures. The samples used for analysis were 
dialyzed for 24 hours at 4° C. against distilled water adjusted to pH 7 with 


TABLE l.—Yields and analyses of ultracentrifugally isolated preparations of 
alfalfa-mosaic mrus 




No. of 

Yield 




Nature of 
starting 
material 

Solvent 

used 

centri- 

fuga- 

tion 

cycles 

Virus 
per cc. 
of 

juice 

Activ- 

ity 

Phos- 

phorus^ 

Carbo- 

hydratea 

Carbo- 
hydrate : 
P ratio 




mg. 

Fer 

Fer 

Fer 





cent 

cent 

cent 



0.1 M phosphate 


0.14 

30 

1.70 

10.8 

6.4 

Unfrozen 


3b 

4b 



1.96 

1.77 

7.9 

7.4 

4.0 

4.2 

juice 

0.1 M phosphate 








+ cysteinec 

3 

0.19 

17 

1.38 

7.4 

5.4 

Juice 

0.1 M phosphate- 

3 

0.43 

43 

1.24 

6.5 

5.2 

3 

0.20 

23 

1.52 



frozen 

with 

solid OO 2 


3 

0.21 

20 

1.76 

11.2 

6.4 

0.1 M phosphate 

3 



1.66 

9.3 

5.6 

-tcysteinec 

3 

0.20 

16 

1.52 

6.6 

4.3 


0.1 M phosphate 

3b 

0.09 

12 

1.85 

10.0 

5.4 

Juice 

0.1 M phosphate 

3 

0.32 

45 

1.32 

7.9 

6.0 

-f- cysteinec 

3 

0.17 


1.35 

7.8 

5.8 

frozen 

3b 

0.14 


1.73 

10.2 

5.9 

at --14^ G. 

0.1 M citrate 

4b 



1.61 

8.9 

5.5 


4-cysteinec 

3 

0.21 


1.29 

6.8 

5.3 


a The values in these columns were calculated from analyses for nitrogen, carbohy- 
drate, and phosphorus and are based on the assumption that the nitrogen content of the 
samples was 16 per cent. Phosphorus was determined by the method of King (9) and 
carbohydrate with orcinol and sulphuric acid (19). 

Isolated from the same batch of plants, 
c 0.5 mg. per cc. 
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sodium hydroxide and protected from carbon dioxide with a soda lime tube. 
This procedure was necessary to prevent the isoelectric precipitation of the 
virus by dissolved carbon dioxide. Dialysis under these conditions does not 
appreciably affect virus activity. In 7 tests, the dialyzed preparations aver- 
aged 89 per cent as active as controls kept at 4° C. The phosphorus and 
carbohydrate contents of the several preparations varied considerably, the 
averages being 1.58 per cent and 8.5 per cent, respectively. The true phos- 
phorus content is probably more nearly 1.3 per cent, a value approached by 
several of the samples. Those samples that contained the larger amounts 
of phosphorus were possibly incompletely dialyzed or insufftciently purified. 
The latter possibility is suggested by the tendency of the 4-times-centrifuged 
samples to be lower in both phosphorus and carbohydrate than the corres- 
ponding samples that were centrifuged only 3 times. On the assumption 
that the phosphorus and carbohydrate are present as nucleic acid, the carbo- 
hydrate: phosphorus ratio was high in nearly all samples. The excess car- 
bohydrate was probably an impurity and was quite possibly associated with 
the brown pigment. A highly active preparation was well dialyzed against 
water, then frozen and dried. It contained 53.87 per cent carbon, 6.69 per 
cent hydrogen, 16.25 per cent nitrogen, 1.44 per cent phosphorus, and 0.65 
per cent sulphur. The analyses are those that would be expected for a 
nucleoprotein containing about 1^16 per cent nucleic acid and a few per 
cent extraneous carbohydrate. 

Apparently, some loss of activity occurred during the purification pro- 
cess, for the activity of the final product usually accounted for but 20 to 40 
per cent of that of the starting material (Table 1, column 5) . These values 
were obtained by direct comparison of the activity of a 1 : 10 dilution of the 
juice wdth that of known dilutions of the purified material. Since the 
volumes of the juice and of the purified preparation were recorded, the per- 
centage recovery could be calculated. It appears likely that much of the 
loss in activity was due to actual loss of virus and not to inactivation, for 
during the procedure comparatively large amounts of insoluble precipitates, 
known to have absorbed appreciable quantities of virus, were discarded. It 
is possible, however, that some inactivation did occur and that the material 
isolated contained partially inactivated virus. 

The results presented in table 1 indicate that neither the method of pre- 
paring the juice nor the solvent used for dissolving the pellets had much 
effect on either the yield or the composition of the purified protein. There 
was, however, an effect on other properties. The use of cysteine generally 
resulted in preparations that possessed more activity and a higher degree of 
homogeneity when examined in the ultracentrifuge. The green contami- 
nant was most easily removed when the juice was frozen at - 14° C. In 
other experiments very poor yields of protein, badly contaminated with the 
green material, were obtained when the juice was not frozen. When dis- 
tilled water containing cysteine and adjusted to pH 7 was used, the isolated 
protein was mostly inactive and quite heterogeneous, while the use of dis- 
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tilled water alone resulted in very poor yields. The use of citrate buffer 
resulted in a preparation about 70 per cent as active as one prepared from 
the same material with phosphate buffer. 

It may be calculated from the data in the 4th and 5th columns of table 
1 that the expressed juice of diseased plants contains about 1 mg, of virus 
per cc. A similar value also is indicated by the fact that juice diluted 1 : 10 
produces about the same number of lesions on bean leaves as does the puri- 
fied material at a concentration of 10“^ gm. per cc. This amount is present 
only during the winter months, as indicated by the fact that much smaller 
yields are obtained during the summer. During the latter season it is also 
much more difficult to remove the green contaminant, and the purified 
samples are high in phosphorus and carbohydrate. 

Preliminary Concentration of the Virus 

Attempts were made to effect a preliminary concentration of the virus, 
so that the amount of ultracentrifuging could be reduced. Since it was 
found that a single precipitation with 30 per cent ammonium sulphate in 
the cold had little if any effect on the activity of the virus, this salt was used 
to precipitate the virus from the juice. The precipitated virus was dis- 
solved in 0.1 M phosphate buffer containing 0.5 mg. cysteine per cc. and 
equal in volume to tV that of the original juice. This was then subjected to 
3 centrifugation cycles in the usual manner. In a control experiment, virus 
was isolated from some of the same juice by the usual 3^ centrifugation 
cycles, using 0.1 M phosphate buffer containing cysteine as solvent for the 
pellets. The hydrogen-ion concentration of still another portion was ad- 
justed to pH 4.6 with acetic acid. The precipitate was removed by centrifu- 
gation and treated exactly the same as the ammonium-sulphate-precipitated 
virus. All operations were carried out at 4° C. The preparations obtained 
were compared with respect to activity, then dialyzed at 4° G. for 24 hours, 
analyzed, and again compared for activity. As may be seen from the 
results given in table 2, both methods of concentration resulted in smaller 
yields and less active preparations, although that treated with ammonium 
sulphate was nearly as active as that isolated by ultracentrifugation alone. 
The sample precipitated with acetic acid was much lighter in color than any 
other preparation so far obtained, while the one precipitated with am- 
monium sulphate was much darker and less homogeneous, as indicated by 
the fact that continued low-speed centrifugation continued to remove mate- 
rial. The significance of the differences in composition is lessened by the 
unaccountably high phosphorus content of the control. Because of the 
effect upon activity, these methods were not used. 

It was found possible to obtain some concentration by simply freezing 
the juice in lusteroid tubes, then centrifuging at room temperature until 
thawed, but no longer, and siphoning off the upper f of the supernatant 
liquid. The virus, together with most of the pigment, was found to be in 
the lower third. This method of obtaining approximately a threefold con- 
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TABLE 2.' Yields f Teldtive dotivitieSj dnd dudlyses of yufified vitus pTepdTdtiofis 
oMained dy ultmcentnfugdtion following preliminary concentration 


Method of 
concentration 

No. of 

Yield 

Relative activitva 



centri- 



Bbos- 
phorus^' c 

Oarbo- 

bydratet) 

f ugation 
cycles 

per cc, 
of juice 

Before 

dialysis 

After 

dialysisc 



mg. 

Per 

Per 

Per 

Per 



cent 

cent 

cent 

cent 

(NHO^SO, 

30 per cent 

Acetic acid 

3 

0.14 

68 

63 

1.82 

6.8 

pH 4.6 

XJltracentrifugation 

3 

0.10 

41 

36 

1.34 

5.6 

alone 

3 

0.24 

100 

88 

2.06 

7.6 


a The figures in these columns were obtained by dividing the number of lesions pro- 
duced when the designated sample was rubbed on 24 or more half leaves of Fhaseolus vul- 
garis var. Early Golden Cluster by the number produced when a solution of the control of 
the same concentration was rubbed on the opposite halves, and multiplying by 100. The 
control used in each case was the solution of virus isolated entirely by ultracentrifugation 
and stored at 4° C. 

b The values in these columns were calculated from analyses for nitrogen, carbohy- 
drate, and phosphorus and are based on the assumption that the nitrogen content of the 
sample is 16 per cent. Phosphorus was determined by the method of King (9) and carbo- 
hydrate with orcinol and sulphuric acid (19). 

c The samples upon which these analyses and activity measurements were made were 
dialyzed in a rocking dialyzer at 4° 0. for 24 hours against 50 liters of distilled water at 
about pH 7. 

centration of virus has been used rather extensively. The success of the 
method is probably due to the fact that the pure ice crystals, which concen- 
trate at the top, are the last to thaw. 

General Properties 

Solutions of the virus conatining 5 to 10 mg. per cc. are only slightly 
opalescent and do not exhibit stream double refraction. The jelly-like pel- 
lets obtained by ultracentrifugation are only slightly birefringent. This 
may be due to the photoelastie effect, for it is increased by creating a strain 
in the pellet by pressing with a needle. Unlike tobacco-mosaic virus, 
samples of alfalfa-mosaic virus, when brought to the isoelectric point, do 
not form crystals nor is there any indication of a sheen. It appears likely, 
therefore, that the particles are essentially spherical in shape. Ultracen- 
trifugation studies indicated that the virus has a sedimentation constant of 
approximately 74 x 10^^^ cm./sec. in unit centrifugal field (10). The prepa- 
rations did not possess the same degree of homogeneity with respect to rate 
of sedimentation or electrophoretic mobility as tobacco-mosaic virus. The 
results indicated that each preparation consisted of a continuous distribu- 
tion of particle sizes with a limited range about a modal value. The density 
of the protein, measured by means of a pycnometer, was found to be 1.48. 
Assuming a spherical shape, alfalfa-mosaic virus protein therefore has a 
molecular weight of about 2.1x10® and a diameter of 16.5 mp. The iso- 
electric point estimated from the point of minimum solubility was pH 4.6 

•<io). ■ ■■ 
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In the absence of salt, the protein is soluble in 90 per cent alcohol and 
to a limited extent in hot 5 per cent trichloroacetic acid. However, if salt 
is present, the virus is insoluble in both solvents. Attempts to crystallize 
the virus by the use of ammonium sulphate or by dialysis were unsuccessful. 

All of the more carefully prepared samples had about the same specific 
activity, i.e,^ a concentration of 10"^ g*. per cc. caused 20 to 40 lesions per 
half leaf and one of 10“® g. per cc. an average of about 1 lesions. Several 
of the preparations were rubbed on leaves of Nicotiana glutinosa L. and 
found to be free of tobacco mosaic virus. When the purified protein was 
rubbed on tobacco leaves, typical symptoms of alfalfa mosaic were produced. 

Isolation of Nucleic Acid 

Since alfalfa-mosaic virus appeared to be a nucleoprotein, an attempt 
was made to isolate nucleic acid from it by the method of Johnson and 
Harkins (8) for the isolation of yeast nucleic acid. In one ex];)eriment, suf- 
ficient concentrated sodium h 3 ^droxide to make a 5 per cent solution was 
added to 4 cc. of a solution at 0° C. containing 40 mg. of protein. After 
standing at 0"^ for 1 minute, the solution was made acid to litmus by the 
addition of glacial acetic acid and the precipitated protein removed by cen- 
trifugation and then washed once with a small volume of water. The super- 
natant liquid plus the wash water was acidified to Congo red with concen- 
trated hydrochloric acid and then treated with an equal volume of alcohol. 
The precipitated nucleic acid was removed by centrifugation and, after 
being washed 3 times with alcohol and dried in vacno over phosphorus 
pentoxide at 110° C., weighed 3.1 mg. The material was dissolved in dilute 
sodium hydroxide and, upon analysis, found to contain 14.2 per cent nitro- 
gen by the Kjeldahl method, 9.8 per cent phosphorus by the method of King 
(9), and 41 per cent carbohydrate by the orcinol method (19). The isola- 
tion experiment was repeated, using 161.5 mg. protein in 15 cc., and 14.5 mg. 
nucleic acid were obtained. Upon combustion, the latter was found to con- 
tain 34.47 per cent carbon, 3.73 per cent hydrogen, 8.34 per cent phosphorus, 
and 15.41 per cent nitrogen. The material is similar to yeast nucleic acid 
in elementary composition and, like it, gives negative Dische and Feulgen 
reactions. It may be concluded that alfalfa-mosaic virus is a nucleoprotein 
containing a nucleic acid of the type obtained from yeast and several other 
viruses. Only about 60 per cent of the phosphorus present in the protein 
was isolated in the form of nucleic acid, but, since viruses differ in the ease 
with which nucleic acid is split off with sodium hydroxide (18), it is possible 
that the hydrolysis may have been incomplete. The fact that the protein 
component obtained in the second isolation experiment was found to con- 
tain 0.2 per cent phosphorus and 2 per cent carbohydrate is in accordance 
with this viewpoint. 

Dilution Curve 

The dilution curves of a number of preparations in different solvents 
were studied so that optimum conditions for activity measurements could 
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be determined. Several different concentrations of virus protein were pre- 
pared in a given solvent and their activities compared with that of a control 
containing lO'* g. per ec. in the same solvent. The dilution curves of a 
typical preparation in 0.1 M and 0.01 M phosphate buffers are given in 
figure 1. The results are expressed as relative number of lesions given by 



IPiG. 1. Dilution curve of purified alfalfa-mosaic virus protein. Curves A and B are 
the dilution curves of the sample in 0.01 M and 0.1 M phosphate buffers at pH 7.1, respec- 
tively. The dotted line represents a theoretical dilution curve of slope 1. 


each, dilution, taking tke number given by tbe control as 100 per cent. In 
0.1 M phosphate buffer, the number of lesions is proportional to the virus 
concentration within a limited range. At greater concentrations, as is the 
case with many viruses, the dilution curve has a slope of less than unity. 
However, at dilutions higher than 5 x10"^ g. per cc., the slope becomes 
much greater than unity. This last effect has been observed also with juice 
containing alfalfa-mosaic virus (14) and with certain other viruses (2). 
The dilution curves of several samples of alfalfa-mosaic virus protein were 
determined and all were of the same general shape. In 0.01 M phosphate 
buffer the dilution curve has a slope of less than one, except at very high 
dilutions. Such a solvent was considered unsuited for activity measure- 
ments; hence, 0.1 M phosphate buffer was used in nearly all cases. An 
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attempt was always made to inoculate at a concentration not far from 10~^ 
g. per cc., for in that region the number of lesions is approximately propor- 
tional to the virus concentration. The accuracy to be expected when these 
precautions are taken is indicated by the data in table 3. Samples differing 


TABLE 3. — Accuracy of activity measurements 


Yirus concentration 

Belative virus 
concentration 

Belative number 
of lesionsa 

g./cc. 

Per cent 

Per cent 

1.4 X 10-4 

1 140 

124.0 

1.2 X 10-4 

120 

117.5 

1.0x10-4 

100 

83.2 

0.8 X 10-4 

80 

71.0 

0.6 X 10-4 

60 

63.8 

0.4 X 10-4 

40 

34.8 


a The figures in this column were obtained by dividing the number of lesions produced 
when the designated sample was rubbed on 24 or more half leaves of Phaseolus vulgaris 
var. Early Golden Cluster by the number produced when a solution containing 10-4 g. 
of virus per cc. was rubbed on the opposite half leaves, and multiplying by 100. All 
inoculations were made in 0.1 M phosphate at pH 7.1. 

in protein concentration by 20 per cent were compared with a common con- 
trol containing 10~^ g. per cc. by the method previously described. In 4 of 
the tests the concentrations estimated from activity data did not differ by 
more than 10 per cent from the actual concentration, and in the other 2 tests 
the difference was less than 20 per cent. 

The total number of lesions produced by a given sample is also influenced 
by the solvent (Table 4). Hence, when the relative activity of 2 or more 
samples was estimated, care was taken that they were in the same solvents. 

The specific activity of purified preparations of alfalfa-mosaic virus ap- 
pears to be considerably less than that of other viruses isolated in this labo- 
ratory. This is not sufficient reason for believing, however, that the virus 

TABLE 4. — JEffect of solvent on mimder of lesions produced "by purified alfalfa- 
mosaic virus ; I 

The figures represent the numbers of lesions per half leaf produced on 24 or more half 
leaves of Phaseolus vulgaris var. Early Golden Cluster by virus preparations of the desig- 
nated concentration dissolved in the designated solvent. The samples paired vertically 
were rubbed on opposite half leaves. All solutions were at pH 7.1. 


Solvent 

Yirus concentration 

10-4 g./cc. 

10-5g./ec. 

0.1 M phosphate 

1 58.5 

0.3 

0.01 M phosphate 

102.9 

4.7 

0.1 M phosphate 

25.5 

0.5 

0.01 M phosphate 

j 30.9 

3.2 

0.1 M phosphate 

13.7 


0.1 M citrate 

4.1 


0.01 M phosphate ' 

17.6 


0.01 M citrate 

6.5 
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was inactivated during the isolation procedure, as was thought to be the 
case with potato virus Y and Hyoseyamus virus 3 (6). If any inactivation 
occurred during the purification of alfalfa-mosaic virus, it could not have 
been great, for in some cases approximately half of the total activity repre- 
sented by the starting material was recovered in the isolated nucleoprotein ; 
hence, the loss was no greater than might be expected to occur due to 
mechanical reasons. It is possible that the specific activity may appear low 
owing to the host used for activity determinations, for the amount of mate- 
rial required to cause infection when rubbed on plants varies considerably 
with the species and with the variety of the plant. 

pH Stability 

To aid in the selection of the optimum conditions for isolation and for 
storage, the stability of the virus at different hydrogen-ion concentrations 
was determined. Pive-cc. portions of a well-dialyzed virus solution contain- 
ing 2 X 10"^ g- per cc. were cooled to 4° C. and added to equal quantities of 
cold 0.075 M phthalate-phosphate-borate buffer previously adjusted to dif- 
ferent hydrogen-ion concentrations with sodium hydroxide or hydrochloric 
acid. The hydrogen-ion concentrations were then determined at room tem- 
perature and the samples were stored at 4° C. Immediately after mixing 



Fig. 2. Stability of parifLed alfalfa-mosaic virus at 4° 0, at different bydrogen-ion 
concentrations. Curves A and B represent the relative activity of the samples after stand- 
ing at the various pH values for 20 hours and 120 hours, respectively. They were adjusted 
to pH 7.1 immediately before being used for inoculation. 
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and at intervals samples were removed, diluted 1 : 10 with 0.1 M phosphate 
buffer at pH 7.1, and used for activity measurements. One of the samples, 
that at pH 7.1, was taken as the control and each sample was compared 
with it. The hydrogen-ion concentration of the solutions used for inocula- 
tion did not differ by more than 0.1 pH unit. The results are presented in 
figure 2. The virus is most stable at about pH 7 and is fairly stable over 
the range pH 5.5 to 7.7. This is a narrower pH stability range than has 
been reported for other plant viruses. The virus is much more stable at pH 
7 than it is at its isoelectric point, pH 4.6. The experiment was repeated 
twice, once with purified virus and once with partly purified virus. Com- 
parable results were obtained. 

Effect of Storage 

In figure 2, the results are presented as relative changes in activity, and, 
consequently, give no indication of the stability of the control. Since the 
actual number of lesions produced by a sample is affected by many environ- 
mental factors, the average number of lesions produced by a sample on suc- 
ceeding days is not a good measure of changes in the activity of the sample. 
If the virus is not affected by freezing and thawing, changes in the activity 
of a sample could be followed by comparing with a control kept in the frozen 
state. It appeared desirable, therefore, to determine the effect of freezing 
and thawing on the virus under different conditions. 

Samples containing 1 mg. of alfalfa-mosaic virus per ce. in nutrient 
broth, in 0.1 M phosphate buffer, and in water were frozen rapidly with car- 
bon dioxide and left frozen for 20 hours. They were then thawed, diluted 
with 0.1 M phosphate, and compared for activity with similar samples stored 
at 4° C. The samples that had been frozen were 80, 86, and 85 per cent as 
active, respectively, as the unfrozen controls. Corresponding samples 
placed in a room held at ~ 14° C. for the same length of time were 79, 89, and 
69 per cent as active, respectively, as the controls. The experiment was 
repeated and similar results were obtained. In further tests, samples in 0.1 
M phosphate buffer that were frozen for short periods of time in carbon 
dioxide averaged 94 per cent as active as the controls. While most of these 
differences are not significant when considered individually, the fact that 
they are all in the same direction indicates that a small amount of inactiva- 
tion may result from freezing and thawing. Alfalfa-mosaic virus, there- 
fore, differs from tobacco-ringspot virus (18), which is denatured by freez- 
ing in water. When solutions of alfalfa-mosaic virus are frozen and 
thawed, there is no indication of denaturation, for no insoluble precipitate 
is formed. However, unless samples are sealed in glass, those frozen by 
means of carbon dioxide and containing no buffer may absorb sufficient 
carbon dioxide to cause the isoelectric precipitation of the protein. 

A solution of purified virus containing 1 mg. per cc. in 0.1 M phosphate 
at pH 7.1 was prepared, and, since freezing and thawing have only a slight 
effect on the virus, aliquot portions to be used as controls were sealed in 
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glass and stored in solid carbon dioxide. Others were stoppered and stored 
at 4° C., and, since, even at that temperature, some bacterial action occurs, 
toluene was added to some. At intervals, samples were removed and used 
for activity comparisons. In one experiment there were no significant dif- 
ferences in the activity of the several lots up to a period of 4 days. In 
another experiment there were no differences apparent in 3 days; but, in 12 
days, the samples stored without toluene at 4° C. were 44 per cent as active 
as the control stored in the frozen state, while those to which toluene was 
added were 65 per cent as active as the controls. After a period of 27 days 
the percentages were 44 and 62 without and with toluene, respectively. The 
data indicate that the purified virus is relatively stable at 4° C. in 0.1 M phos- 
phate buffer at pH 7.1, but that inactivation does occur over a long period 
of time. The addition of toluene has a slight effect in preserving virus activ- 
ity. It is possible that the activity of the frozen samples decreases with 
time, but this does not appear probable, for the samples kept frozen for 27 
days still produced about as many lesions per half leaf as they did when the 
experiment was started, indicating that no great change in activity had 
occurred. Although the virus is fairly stable at 4° C., inactivation proceeds 
rather rapidly at higher temperatures. A sample in 0.1 M phosphate buf- 
fer and containing toluene was held at 24° C. and lost 72 per cent of its 
activity in 1 day, 74 per cent in 2 days, and 95 per cent in 4 days. 

A comparison was made of the stability of the virus in distilled water, 
and in 0.01 M and 0.1 M phosphate buffers at pH 7. After 6 days at 4° 0., 
the sample in 0.1 M phosphate buffer was 59 per cent as active as that in 0.01 
M phosphate buffer and about twice as active as that stored in water. After 
28 days, the sample in 0.1 M phosphate was only 19 per cent as active as 
that in 0.01 M phosphate and 52 per cent as active as that in water. Kepeti- 
tion of the experiment gave comparable results. Hence, the virus is more 
stable in 0.01 M phosphate buffer than it is in 0.1 M phosphate. The be- 
havior in the absence of buffer is somewhat erratic, probably because of 
changes in pH brought about by absorption of carbon dioxide. Activity is 
lost much more rapidly in juice than in purified solutions. A sample of 
juice at pH 7 stored at 4° C. lost 52 per cent of its activity in 3 days and 87 
per cent in 7 days, w^hen compared to a portion of the same juice stored in 
the frozen state. 

Effect of Eeducing Substances on the Virus 

Since cysteine and other reducing agents have a stabilizing effect on some 
plant viruses (1, 18), it appeared desirable to determine their effect on 
alfalfa-mosaic virus. In one experiment conducted at 4° C., pellets ob- 
tained by ultracentrifugation of infectious juice were dissolved in 0.1 M 
phosphate buffer at pH 7.1 equal in volume to i that of the original juice. 
In a second experiment conducted at 24° C., a solution of purified virus con- 
taining 1 mg. per cc. was used. Solutions of cysteine, sodium sulphite, and 
sodium hydrosulphite were adjusted to pH 7 with sodium hydroxide and 
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then added to different portions of the virus solution. At intervals, samples 
were diluted 10 times with 0.1 M phosphate buffer and compared for activ- 
ity with controls treated in exactly the same manner, except that water was 
added instead of the solutions of reducing agents. It may be seen from 
table 5 that cysteine has no effect on purified virus but that it tends to 

TABLE 5.— Effect of reducing substances on alfalfa-mosaic mrus 
[Tlie figures represent the number of lesions per half leaf produced when 24 or inore 
half leaves of Fhaseolus vulgaris var. Early Golden Cluster were rubbed with a 1 : 10 
dilution of the indicated sample.] 


Type of 

Honrs 

Tern- 

Cysteine® 

Sodium 

sulphite® 

Sodium hydro- 
sulphite® 

preparation 

perature 








Sample 

Control 

Sample 

Control 

Sample 

Control 


0 

4 

45.8 

35.8 

26.7 

1 28.8 

14.2 

37.4 

TJltracentri- 

14 

4 

15.7 

1 15.3 

15.8 

! 14.6 

14.2 

17.4 

fuged 1 time 

60 

4 

9.6 

8.4 

1.4 

10.9 

2.8 

10.0 

120 

4 

24.3 

13.3 

0.5 

10.8 

1.0 

13.4 


0 

24 

13.4 

22.7 

13.8 

8.7 



TJltraeentri- 

24 

24 

1.9 

2.6 

0.2 

5.3 



fiiged 4 times 

48 

24 

1.1 

2.4 

0.1 

4.0 



96 

24 

0.1 

0.3 

0.2 

1.1 




a 1 mg. per ce. 


stabilize partially purified virus. Because of these results, cysteine was 
usually used in the purification process. On the other hand, sulphite and 
hydrosulphite inactivate the virus. The cysteine probably protects the 
virus from the inactivating effect of some substance that is eliminated by the 
purification process. 

Effect of Trypsin 

Since trypsin has been successfully employed in the purification of 
tobacco-mosaic virus and its strains (3, 15), the possibility of using it to 
remove the brown coloring matter associated with alfalfa-mosaic virus was 
investigated. Crystalline trypsin, kindly supplied by Dr. M. Kunitz, was 
added to a solution of alfalfa-mosaic virus in 0.1 M phosphate buffer at pH 
7.1 at a ratio of 1 : 100 and allowed to stand at room temperature. At inter- 
vals, samples were removed, diluted to a virus concentration of 10”^ g. per 
cc. with 0.1 M phosphate buffer, and compared for activity with a control 
treated in exactly the same manner, except that no trypsin was added. The 
results shown in table 6 indicate that the enzyme inactivates the virus, 
although there seems to be an initial activating effect. The inactivation is 
not merely an inhibition of the virus, as is the case with that of tobacco 
mosaic, for there is no immediate inhibition, and the inactivation is a func- 
tion of time and proceeds at a measurable rate. 

In order to establish more definitely the nature of the action of trypsin 
on alfalfa-mosaic virus, an experiment was conducted in which the rate of 
hydrolysis of heavy protein was also followed. To 3-ec, portions of alfalfa- 
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TABLE 6 . — Mate of inactivation of alfalfa-mosaic virus ly trypsin 
[The reaction mixtures consisted of 4.3 mg. virus and 0.043 mg. trypsin per ce. in 0.1 
M phosphate buffer at pH 7.1.] 


Temperature 

Time 

Lesions 

Belative activity of 
trypsin-treated 
sample 

Trypsin-treateda 

Controla 


hr. 



Per cent 


0 

68.4 

46.7 

147 

25° 0. 

1 

23.0 

27.2 

85 


3 

5.8 

14.9 

39 


0 • 

58.1 

41.3 

141 


1 

32.6 

37.1 

88 

19° C. 

3 

1.7 

14.5 

11 


6 

3.3 

45.8 

7 


24 

1.1 

8.3 

13 


a The figures in these columns represent the number of lesions per half leaf produced 
when the designated sample and the corresponding control were rubbed on opposite half 
leaves of 24 or more leaves of Phaseolus vulgaris var. Early Golden Cluster. The samples 
were diluted 1 : 10 with 0.1 M phosphate buffer at pH 7.1. 

mosaic virus containing 4.82 mg. protein per ec. in 0.1 M phosphate buffer 
at pH 7.1, 0.7-mg. portions of crystallized trypsin were added. Immedi- 
ately after mixing and at intervals up to 4 hours, individual samples were 
diluted to 15 ce. with cold water to retard the reaction and ultracentrifuged 
at 0-5° C. for 1|- hrs. at 30,000 r.p.m. to separate the virus and enzyme. 
The upper half of the supernatant liquid was drawn off and analyzed for 
total and for protein nitrogen. The pellets were redissolved in 15 cc. of cold 
phosphate buffer at pH 7 and the virus ultracentrifuged again. The second 
pellets were dissolved in a small volume of buffer and centrifuged at low 
speed. The supernatant liquids were then analyzed for nitrogen and their 
activities compared with that of a control treated in exactly the same man- 
ner, except that no trypsin was added. The samples were diluted to 10"^ 
g. per cc., assuming that all of the nitrogen present was protein nitrogen. 
The results are presented in table 7. It is evident that hydrolysis occurred, 
for the amount of heavy protein recovered decreased as the time of contact 
with the enzyme was lengthened and most of the nitrogen was recovered in 
the supernatant liquid. The rate of hydrolysis, as well as that of inactiva- 
tion, was not so great at 4° 0, as at the higher temperature. The nitrogen 
not sedimented in the ultracentrifuge was approximately equally divided 
between low molecular weight protein and non-protein nitrogen. As the 
reaction proceeded, there was a decrease not only in the amount of heavy 
protein recovered, but also in the activity of the material isolated. After 
2 to 4 hours, the heavy protein that remained intact had lost about 99 per 
cent of its activity. The obvious conclusion is that inactivation proceeds at 
a faster rate than does the extensive cleavage of the heavy protein. The 
possibility exists, however, that the material isolated was not entirely pro- 
tein. Nucleic acid might possibly be split off in fragments sufficiently large 
to be sedimented by the ultracentrifugation. The quantity isolated was too 
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TABLE 7. — The effect of trypsin on alfalfa-mosaic virus 
[Eaeli sample consisted of 14.4 mg. virus, corresponding to 2,31 mg. and 0.7 mg. 
trypsin dissolved in 3 cc. of 0.1 M pliospliate buffer at pH 7.1]. 


Time i 

Tempera- 

ture 

Supernatant liquid from 
first ultracentrifugation 

H recovered as 
heavy protein 

Relative activity 
of recovered 

proteina 

Total N 

Protein 

Mimetes 

^G. 

Mg, j 

Mg. 

Mg, 

Per cent 

Control 

4 

0.36 

0.27 

1.05 

100 

0 

24 

1.11 

0.58 

0.75 

85 

30 

24 

1.57 

0.90 

0.52 

35 

60 

24 

1.72 

1.02 

0.42 

10 

120 

24 

1.87 

0.96 

0.34 

1 

240 

24 

2.00 

0.99 

0.24 ' 

1 

240 

4 

1.41 

0.75 

0.66 

. 53 


a The figures in this colnmn were obtained by dividing the number of lesions produced 
when a solution of the designated sample containing lO-^ g. protein per cc. was rubbed 
on 24 or more half leaves of Phaseolus vulgaris var. Early Golden Cluster by the number 
produced when a solution of the control of the same protein concentration was rubbed on 
the opposite halves, and multiplying by 100. 

b Insoluble in 15 per cent trichloroacetic acid. 

small to permit examination of its properties in detail, but it resembled the 
virus protein in appearance. If trypsin actually has an initial activating 
effect, as suggested by the data in table 6, it must be due to the presence of 
the enzyme and not to any permanent effect on the virus, for the activity 
of virus exposed to trypsin for a brief time and then separated from the 
enzyme did not differ significantly from that of the control. 

SUMMARY 

A high molecular weight nucleoprotein possessing the properties of 
alfalfa-mosaic virus, a virus known to be transmitted by a specific insect 
vector, has been isolated from diseased tobacco plants by means of differen- 
tial centrifugation at a temperature of 0° to 4° C. The virus preparations 
contained about 15 per cent of a nucleic acid of the yeast nucleic acid type, 
about 0.65 per cent sulphur, and small amounts of extraneous carbohydrate. 
The virus appears to be essentially spherical in shape and has a specific 
gravity of 1.48, and a sedimentation constant of approximately 74xl0~^^. 
It is the smallest plant virus that has been isolated, for the molecular weight 
and diameter, based on the foregoing constants, are 2.1 x 10® and 16.5 mp, 
respectively. 

Freezing and thawing have only a slight effect on the purified virus, but 
similar treatment of diseased plant material results in a measurable loss 
of virus. The virus, when purified, is reasonably stable at 4° C., but is 
rapidly inactivated at room temperature and is much less stable when in 
juice. Sodium sulphite and sodium hydrosulphite inactivate the virus, 
while cysteine has a stabilizing effect on partly purified preparations, but 
no effect on purified ones. The virus is slightly more stable in 0.01 M phos- 
phate buffer than in 0.1 M phosphate buffer or in water. Toluene helps to 
preserve the virus. 
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The juice of diseased greenhouse-grown tobacco plants contains about 
1 mg. of virus per cc. during the winter months and less in summer. When 
virus dissolved in 0.1 M phosphate buffer at pH 7 is rubbed on bean leaves, 
the number of lesions produced is proportional to the concentration of virus 
over a limited range only. At concentrations less than 5 x 10~^ g. per cc., 
the number produced decreases more rapidly than does the virus coneentra- 
tion in the inoculum, and, at 10"^ g. per cc., few or no lesions result. The 
virus is inactivated and hydrolyzed by trypsin. The inactivation proceeds 
at a more rapid rate than does the extensive hydrolysis of the high molecular 
weight protein. In so far as has been determined, alfalfa-mosaic virus 
nucleoprotein does not differ fundamentally from other virus nucleopro- 
teins that have been isolated and for which no specific insect vectors are 
known. 

From THE Department of Animal and Plant Pathology of 
The Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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THE CONCENTRATION OF ALFALFA-MOSAIC VIRUS IN 
TOBACCO PLANTS AT DIFFERENT PERIODS OP 
TIME AFTER INOCULATION^ 

A. Frank Ross 

(Accepted for publication September 30, 1940) 

It has been the practice in this laboratory to harvest virus-containing 
plants used as starting material in the purification of viruses about 4 weeks 
after inoculation. Attempts to isolate alfalfa-mosaic virus {Marmar medi- 
caginis H.)^ from tobacco plants that had been diseased for that length of 
time were, however, unsuccessful. Furthermore, it was found that the juice 
from such plants was practically noninfectious Avhen rubbed on Phaseolus 
vulgaris L. var. Early Golden Cluster. This was contrary to the observa- 
tion of Price (8), who obtained many lesions by rubbing with the juice of 
tobacco plants diseased with alfalfa mosaic. This contradiction suggested 
that the concentration of alfalfa-mosaic virus in tobacco plants might not be 
constant but might vary with the age of the plants. Consequently, a study 
was made of the virus content of diseased tobacco plants at different periods 
of time after inoculation. In the present paper are reported the results of 
the investigation, together with information on optimum conditions for the 
extraction of virus from the plant material and on dilution curves of the 
virus in juice from diseased plants. 

EXPERIMENTAL 

The virus used was obtained from W. C. Price and is believed to be iden- 
tical with that designated by Zaumeyer as alfalfa-mosaic virus 1 (13). 
Holmes^ necrotic-type tobacco (4), derived from Turkish tobacco {Nicotiana 
tabacum L.) and resistant to systemic infection by tobacco-mosaic virus, was 
used as host plant in most of the tests. This obviated possible contamina- 
tion with tobacco-mosaic virus. The plants were grown in 4-ineh pots in a 
greenhouse during the winter months. Twice weekly they were given light 
applications of a 0.06 per cent ammonium nitrate solution. 

Virus activity was determined by the half -leaf method, described by 
Loring for tobacco-mosaic virus (5), using Phaseolus vulgaris var. Early 
Golden Cluster as a test plant. For reasons to be discussed later, juice was 

1 A preliminary report of this work was presented before the American Phytopatho- 
logieal Society, at Columbus, Ohio, on December 28, 1939 ( 10 ). 

2 Nomenclature presented in EandhooTc of Phytopatho genic Viruses, by Francis 0. 
Holmes, Burgess Publishing Company, Minneapolis, 1939. 
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diluted 1:10 with 0.1 M phosphate buffer at pH 7.1 before being used for 
activity measurements. 

Extraction of Virus 

It was found ill 1936 (11) that the addition of disodium phosphate to 
the macerated pulp of frozen tobaeco-mosaic-diseased plants resulted in an 
appreciably higher virus content in the extracted juice, and since then diso- 
dium or dipotassium phosphate has been widely used in the extraction of 
viruses. It appeared desirable, therefore, to determine the effect of this 
material when used in the extraction of alfalfa-mosaic virus from tobacco 
plants. Diseased plants were ground in a meat grinder and the pulp divided 
into 2 portions. To one portion was added 3 per cent by weight of dipotas- 
sium phosphate in the form of a 50 per cent aqueous solution. After thor- 
ough mixing, both portions wTre allowed to stand at 4° C. for 1 hour. The 
juice was then removed from each by pressing through bandage gauze. A 
solution of dipotassium phosphate, equivalent in amount to that added to 
the pulp of one sample, was added to the juice from the nontreated portion. 
The juices were then centrifuged at 3000 r.p.m. at 4*" C. for 30 minutes, 
diluted 1 : 10 with 0.1 M phosphate buffer, and tested for virus activity. The 
juice from the sample to which phosphate was added before extraction pro- 
duced 1311 lesions on 35 half leaves, and the other caused 553 lesions on the 
opposite halves of the same leaves. The hydrogen-ion concentrations of the 
two juices were pH 6.97 and 7.15, respectively, while the 1:10 dilutions 
used for inoculation weve both at pH 7.1. Since the two samples differed 
only in the manner in which the juices were extracted, the data indicate 
that the addition of phosphate before extraction resulted in more than a 
2-fold increase in the virus activity of the extracted juice. 

The foregoing experiment was repeated with a few modifications to 
determine w^hether or not the enhanced extraction of virus was attributable 
to the change in pH or to a specific action of the phosphate. Ground plant 
material was divided into 3 portions, A, B, and C. Dipotassium phosphate 
was added to A as in the preceding experiment, while B received no treat- 
ment, and C was adjusted to pH 6.6 by the cautious addition of 2 N sodium 
hydroxide. After the pulp had stood at 4° C. for IJ hours, the juice was 
pressed from each preparation and then centrifuged. The juices thus ex- 
tracted were tested for virus activity at a dilution of 1: 10 in 0.1 M phos- 
phate buffer. It may be seen from the results presented in table 1 that the 
addition of alkali to the pulp was as effective as the addition of phosphate, 
for both A and C w’^ere about 6 times as active as B, and a direct comparison 
of A with C revealed no difference in activity. The addition of 3 per cent 
by weight of dipotassium phosphate should result in a juice about 0.18 M 
with respect to phosphate, but, since appreciable quantities of insoluble 
phosphates are formed, the actual concentration would be less than 0.18 M. 
When such juice is diluted 1 : 10 with 0.1 M phosphate buffer, the phosphate 
concentration would be very near 0.1 M. As the samples differed only with 
respect to the method of extraction, it may be concluded that the addition 
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TABLE 1 . — Extraction of alfalfa- mosaic virus from tobacco plants 


Sample 

Treatment of ground 
plant material 

pH of 
juice 

Concentration 
of pliospliate ■ 
buffer used i 
for diluting ! 

]3ll of 
inoculum 

Lesions 

per 

half 

leafa 

A 

KsHPO^ added before extraction 

7.2 

0.1 M 

7.1 ' ■ 

25.0 

B 

No treatment 

5.6 

0.1 M 1 

7.1 

3.4 

A 

KoHPO^ added before extraction 

7.2 : 

0.1 M 

7.1 

30.3 

C 

NaOH added before extraction 

6.6 i 

0.1 M 

7.1 

30.0 

C 

NaOH added before extraction 

6.6 1 

0.01 M 

7.0 

20.8 

B 

No treatment i 

5.6 

0.01 M 

6.9 

3.3 


a The samples paired vertically were rubbed on 24 or more opposite half leaves of 
JPhaseohis vulgaris var. Early Golden Cluster. 


of dipotassiiam phosphate before extraction of the juice results in an in- 
crease in the amount of virus extracted and that the effect is due to the 
increased pH and not to a specific effect of phosphate. 

Dilution Curve 

As an aid to the interpretation of activity data, dilution curves of the 
phosphate extract of tobacco plants diseased with alfalfa mosaic for differ- 
ent periods of time were determined. Young tobacco plants were inoculated 
with alfalfa-mosaic virus, and, at intervals of 5, 12, and 32 days, 6 plants 
were harvested and ground. Three per cent by weight of dipotassium phos- 
phate was added, and the juice was extracted and centrifuged as previously 
described. Several different dilutions were made with 0.1 M phosphate 
buffer at pH 7.1 and the dilutions were compared on opposite half leaves 
with a 1 : 10 dilution of the same juice. In figure 1, relative numbers of 
lesions are plotted against dilution on a logarithmic scale, with the number 
produced by the 1 : 10 dilution arbitrarily assigned the value of 100. The 
curves for the 5-, 12-, and 32-day samples are markedly similar. The upper 
portions of the curves are unusual, for in that region dilution results in 
increased lesion formation. This phenomenon is probably caused by an 
inhibitor in the juice, for solutions of purified alfalfa-mosaic virus do not 
behave in a similar manner (9). Black (2) obtained the same type of curve 
with solutions of tobacco-mosaic virus mixed with insect juices. 

At intermediate dilutions the number of lesions is roughly inversely pro- 
portional to the dilution. The range over which this is true is not great and 
varies somewhat with the various juices, being greater in those containing 
the most virus. Since the 1 : 10 dilution of each juice fell within this range, 
such a dilution was visually used in making activity measurements. At 
higher dilutions the dilution curve of alfalfa-mosaic virus again differs from 
that of most other viruses for which dilution-curve data are available, for 
the reduction in number of lesions is greater than the change in dilution, 
i,e., the curve has a slope greater than 1. The same reduction wms noted 
with purified alfalfa-mosaic virus (9). It also has been reported for certain 
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Pig. 1. Dilution curves of the juice obtained from tobacco plants diseased with 
alfalfa-mosaic virus for different periods of time. Juice was extracted after the addition 
of 3 per cent by weight of dipotassium phosphate and was approximately pH 7. The 
dilutions were made with 0.1 M phosphate buffer at pH 7.1. Each dilution of a given 
juice was rubbed on 24 or more half leaves of Phaseoltis vulgaris var. Early Golden 
Cluster, and a 1: 10 dilution of the same juice was rubbed on the opposite halves. Curves 
A, B, and C are the dilution curves of the juices obtained from plants diseased for 5, 12, 
and 32 days, respectively. The dotted line represents a theoretical curve of unit slope. 

otlier viruses (1). In the present case it does not seem probable that the 
effect resulted from rapid inactivation of the virus in dilute solutions. In- 
oculations with the dilute solutions usually were made within 20 minutes 
after dilution; but, when greater periods of time elapsed, the several dilu- 
tions still possessed the same relative activities. 

Virus Content of Plants at Intervals Following Inoculation 

Different lots of young tobacco (Holmes’ necrotic-type) plants were 
inoculated with alfalfa-mosaic virus at intervals of 2 to 24 days. Each 
plant, at the time of inoculation, possessed 4 leaves over 4 inches in length. 
An attempt was made to select uniform plants and to inoculate with virus 
solutions of approximately the same virus concentration each time. At a 
later date, 6 plants from each lot were harvested and the juice was extracted 
from each by the method previously described in which dipotassium phos; ^ 
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phate was used. Bach sample of juice was diluted 1: 10 with 0.1 M phos- 
phate buffer and compared for activity with a common control .which con- 
sisted of a comparable dilution of the juice from plants diseased for 12 days. 
The virus activity of the juice, represented by curve A in figure 2, increased 
rapidly from about the 4th to the 11th or 12th day after inoculation of the 
plants, then decreased rapidly until the lesion count was as low as 1 per cent 
of the maximum. The data, presented as relative numbers of lesions, are 
probably fair estimates of the relative virus contents of the samples. The 
data in figure 1 indicate that the 1 : 10 dilution is within the suitable range 
for study, even with the older juices, and that the dilution curve of the juice 
of plants diseased for 12 days approximates a straight line with a slope of 
unity until a dilution of 1 : 100 is reached. Hence, with samples producing 
over 10 per cent as many lesions as the control, the relative number of lesions 
would be proportional to the actual virus content. The virus content of 
those samples producing less than 10 per cent as ma:iy lesions as the control 
probably would be somewhat greater than the amount indicated. The ex- 
periment was repeated several times and similar results were obtained each 
time. In one experiment, instead of using one control for all tests, samples 
inoculated at successive intervals were compared, i.e., the 4-day sample was 
compared with the 6-day, the 6-day with the 8-day, etc. In another experi- 
ment the various samples were diluted, so that each gave approximately the 
same number of lesions. The curve obtained in each case was similar to that 
shown in figure 2, except that samples from plants inoculated for long 
periods of time appeared to be slightly more active than corresponding ones 



Hays after inoculation of host plant with, alfalfa mosaic virus 


Fig. 2. Concentration of alfalfa-mosaic virus in tobacco plants diseased for different 
periods of time. Curve A represents the relative activity of the several juices. When the 
data were recalculated, taking into consideration the amount of juice obtained from each 
sample, the data represented by curve B were obtained. It is regarded as representing 
the relative amounts of virus present in the plants. 
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in figure 2. In still another experiment, the several samples of juice were 
nltracentrifnged and the pellets obtained were dissolved in 0.1 M phosphate 
buffer equal in volume to the original juice. These partly purified prepara- 
tions were used for inoculations. The fact that the results did not differ 
significantly from those obtained with the juices indicates that the differ- 
ences noted with the latter did not result from the presence of varying 
quantities of an inhibitor. It is possible that such a substance would not 
be separated from the virus by ultracentrifugation. However, experiments 
with virus purified by ultracentrifugation (9) provided no evidence of the 
presence of an inhibitor associated with the purified material. 

The low virus content of the juice of the older plants is not because of 
any diluting effect of growth, for the virus concentration changes at a much 
more rapid rate than does the size of the plants. When the data presented 
in curve A, figure 2, were recalculated, taking into consideration the in- 
crease in size of plants, curve B was obtained, representing the relative virus 
content per plant. It can be concluded, therefore, that there is a rapid inac- 
tivation of alfalfa-mosaic virus in tobacco plants diseased for more than 12 
days. 

Tests for Presence of Neutralizing Antibodies 

The rapid disappearance of virus activity after the 11th day is similar to 
that in some animal virus diseases and suggests that a defense mechanism 
in the tobacco plant may be causing an inactivation of virus in the plants. 
It seemed desirable, therefore, to examine diseased plants for the presence 
of neutralizing antibodies. Juice was extracted in the usual manner from 
tobacco plants diseased for 10 and for 30 days and from healthy plants. 


TABLE 2. — ’Results of tests for neutralising antibodies in juice of diseased tobacco 
'plants 


Sample 

Description 

Lesions per half leaf^^ 

Undiluted 

1: 5 

1: 10 

10 

Juice from plants diseased 10 days 

12.9 

22.8 

26.2 

30 

Juice from plants diseased 30 days 

1.0 

1.7 

1.1 

H 

Juice from healthy xdants 

0.0 



HSL 

Supernatant liquid from UC^ of H 

0.0 



lOSL 

Sux)ernatant liquid from UGi> of 10 

1.0 



30SL 

Supernatant liquid from UCt> of 30 

0.1 



10 + 30SL 

Equal portions of 10 and 30SL 

5.1 

9.9 


10 + HSL 

Equal jDortions of 10 and HSL 

8.8 

15.9 


10 + 30SL 

Equal portions of 10 and 30SL 

5.2 

8.3 


10 + lOSL 

Equal portions of 10 and lOBL 

7.9 

11.8 


10 + 30 

Equal portions of 10 and 30 

4.0 

12.1 


10 + lOSL 

Equal portions of 10 and lOSL 

4.5 

16.1 



a The samples paired vertically were rubbed on 24 or more half leaves of Phaseolus 
vulgaris var. Early Golden Cluster. Dilutions w-ere made with 0.1 M phosphate buffer at 
pH 7.1. ^ 

> The term TIC should read ultraeeiitrifugation. 
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Portions of each were nltracentrifnged for 1^ hours at 30,000 r.p.m., and the 
upper third of the supernatant liquids was drawn off. Pive-ec. portions of 
the supernatant liquids or of the original juices were mixed with an equal 
volume of the juice from plants diseased for 10 days. After standing for 
1 hour at 4° C., the mixtures were used for inoculation. It may be seen 
from table 2 that in no case did the mixing of juice result in a striking reduc- 
tion of activity. The ultracentrifuged juice from the older diseased plants 
had a slightly greater effect than that of healthy plants or of plants diseased * 
for 10 days. On other occasions, the mixing of juices caused a reduction in 
activity of about the same order of magnitude. The experiments failed to 
demonstrate definitely the presence of antibodies in such juices. If such 
substances are present in the plants, they may be almost entirely neutralized 
by previously formed virus or the method used may destroy or fail to extract 
them. The fact that the reduction in activity is no greater with undiluted 
juice than with a 1 : 5 dilution indicates that the effect is not due to the 
presence of different amounts of an inhibitor in the juices. 

Location of Virus in Old Plants 

Since all leaves of plants that have been diseased for several weeks show 
no symptoms, it seemed desirable to determine the location of the small 
amount of virus in such plants. The leaves of 3 tobacco plants that had 
been diseased for 46 days were removed and divided into 4 groups, accord- 
ing to their location on the plants. The juice was obtained from each in 
the manner already described, diluted 1 : 10 with 0.1 M phosphate buffer, 
and used for activity measurements. The results are tabulated in table 3, 


TABLE 3. — Location of virus in 'plants diseased for 46' days 


Location 
of leaves 

Symptoms 

Average 
weight of 
leaves per 
plant 

pH of 
phosphate 
extract 

Eelative 
activity 
of juices^ 

Belative 

virus 

content^' 

Upper 4 or 5 
leaves plus 
tip 

Faint mottling except 
in tips 

Grams 

3.3 

7.00 

Per cent 

98 

Per cent 

' 24 

Upper middle 

3 or 4 leaves 

Very faint mottling. 
Absent in some 

5.8 

6.67 

100 

43 

Lower middle 






6 or 7 leaves 

No symptoms 

24.8 

6.82 

17 

31 

Basal 4 or 5 
leaves in- 
eluding in- 
oculated 
leaves 

No symptoms except 
for scattered pri- 
mary lesions on in- 
oculated leaves 

15.7 

6.73 

2 

'2 


a The figures in this column were obtained by dividing the number of lesions iDroduced 
when a 1: 10 dilution of the juice of the designated sample was rubbed on 24 or more 
half leaves of Phaseolus vulgaris var. Early Golden Cluster by the number produced when 
the control was rubbed on the oi3posite halves, and multiplying by 100. The control con- 
sisted of a 1: 10 dilution of the sample to which the value of 100 is assigned. 

The values in this column were calculated from the data in columns 3 and 5. 
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together with notes on the appearance of the leaves included in each group. 
It is evident that about | of the total amount of virus was located in the 
upper leaves, representing about 18 per cent of the total leaf weight. Since 
the older leaves were once high in virus content but at the time of cutting 
were very low, it can be concluded that virus had disappeared from these 
leaves. 

Although most of the virus in old plants is located in the upper leaves, it 
does not reach so high a concentration there as it does in the leaves of plants 
inoculated for shorter periods of time. Activity measurements were made 
in the usual manner on juices collected from the upper leaves of old dis- 
eased plants and from corresponding ones of younger plants. It may be 
seen from table 4 that the juices from plants diseased for 7 and for 10 days 


TABLE 4. — Comparison of the activity of the juice from the upper leaves of tobacco 
plants diseased for long and for short periods of time 


Days after 
inoculation 

Location of leaves 

Dilution 

Lesions per 
lialf leaf^ 

Eelative 

activity 

7 

Upper 6 or 7 leaves 

1:10 ^ 

49.5 

Per cent 

100 

51 

Upper 5 or 6 leaves 

1:10 

24.0 

58 

7 

Upper 6 or 7 leaves 

1:50 

10.0 

100 

51 

Upper 5 or 6 leaves 

1: 50 

6.7 

68 

10 

Upper 7 or 8 leaves 

1: 10 

60.9 

100 

51 

Upper 7 or 8 leaves 

1: 10 

20.3 

33 

10 

All 7 or 8 leaves 

1: 50 

14.2 

100 

51 

Upper 7 or 8 leaves 

1: 50 

1.8 

13 


a The samples paired vertically were rubbed on 24 or more opposite half leaves of 
Phaseolus vulgaris var. Early Golden Cluster. Dilutions were made with 0.1 M phosphate 
buffer at pH 7.1. 


were about 2 and 3 times as active, respectively, as that from the top of 
older plants. Hence, virus is not only lost from the older tissues but it does 
not reach a very high level in those leaves formed after the 11th or 12th day 
following inoculation. 

Virus Concentration in Other Hosts 

Since only Holmes’ necrotic-type tobacco was used in the foregoing tests, 
it became of interest to determine whether or not the virus behaved in a 
similar manner in other hosts. Young plants of Nicotiana gluiinosa Jj., 
Turkish tobacco, and necrotie-type tobacco were inoculated with alfalfa- 
mosaic virus, and, at intervals, 3 plants of each ivere harvested and the 
juices extracted from each in the usual manner. It may be seen from the 
results presented in table 5 that there was a more rapid decrease in the virus 
content of N, gUitinosa than in that of the necrotic-type tobacco ; but, after 
33 days, the concentration in the two hosts was about the same. Turkish 
tobacco plants, diseased for 33 days, contained more virus than those of the 
necrotic type. In general, however, the virus behaved in approximately 
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TABLE 5. — Co7icent ration of alfalfa-mosaic virus in different hosts at mtervals 
after inocnlation 


Host 

Days after 
inoculation 

No. of lesions 
per half leaf ^ 

Relative 

activity 

Neerotie-type tobacco 

11 

30.7 

Fei- cent 

100 

Txirkisli tobacco 

11 

28.6 

93 

Necrotic-type tobacco 

18 

28.0 

100 

Turkish tobacco 

18 

23.7 

85 

Necrotic-type tobacco 

33 

15.4 

100 

Turkish tobacco 

33 

26.2 

170 

Necrotic-type tobacco 

11 

43.5 

100 

Nicotiana glntinosa 

11 

55.2 

127 

Necrotic-type tobacco ............ 

18 

42.1 

100 

Nicotiana glutinosa 

18 

13.3 

32 

Necrotic-type tobacco 

33 

15.3 

100 

Nicotiana glutinosa 

33 

14.9 

97 


a Tlie diluted juices of tlie samples paired vertically were rubbed on 24 or more oppo- 
site half leaves of jPliaseolus vulgaris var. Early Golden Cluster. They were diluted 1: 10 
with 0.1 M phosphate buffer at pH 7.1. 


the same manner in the 3 hosts and reached about the same coneentration 
in each. 

DISCUSSION 

Tobacco plants inoculated with alfalfa-mosaic virus show the phenome- 
non referred to as recovery, for there is an acute stage of the disease fol- 
lowed by a chronic stage with much milder symptoms (3). This recovery 
differs in several respects from that in plants inoculated with tobacco-ring- 
spot virus {Anmdus tahaci H. var. virginiensis H.) (6, 12). Plants that 
have recovered from tobacco ring spot show no symptoms except on those 
leaves where they had appeared before the recovery stage was reached. 
Plants recovered from alfalfa mosaic show symptoms only on the upper 
leaves, with the exception of the smallest leaves at the tip, and on the inocu- 
lated leaves. The symptoms on the upper leaves consist of a faint mottling, 
much milder than that apparent during the acute stage. The necrotic rings 
that sometimes appear on the inoculated leaf 4 to 7 days following inocula- 
tion do not entirely disappear. The systemic mottling characteristic of 
the acute stage gradually disappears and the leaves showing it become prac- 
tically normal in appearance. 

The changes in symptomatology of alfalfa mosaic are associated with 
the changes in virus concentration herein described. In some respects they 
resemble those observed by Price (6, 7) in plants diseased with tobacco ring 
spot ; in other respects they differ. In both cases those leaves formed during 
the recovery period contain less virus and show milder symptoms than do 
leaves formed during the acute stage. In the case of tobacco ring spot, the 
virus content of those leaves showing symptoms during the acute stage 
remains fairly constant until the leaf turns yellow and drops from the 
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plant. For a considerable period of time sncb leaves are bigber in virus 
concentration than are the recovered upper leaves. In the case of alfalfa 
mosaic, the high concentration of virus reached during the acute stage is not 
maintained. As the symptoms disappear in the leaves, their virus content 
decreases. Consequently, the concentration of virus in the older leaves, 
once high, becomes less than that in the upper leaves. Hence, the recovery 
of tobacco plants appears to be similar to that characteristic of plants 
affected Avitli tobacco ring spot, with the added condition that alfalfa-mosaic 
virus is unstable in vivo. Prior to the 11th day, virus is produced at a more 
rapid rate than it is inactivated. The rapid decrease in the virus content 
after the 11th day may be due to a sharp decline in the rate of virus multi- 
plication similar to that occurring with tobacco ring spot, while the rate of 
inactivation continues and exceeds the rate of multiplication, resulting in a 
net loss of virus. The cause of the inactivation is not known. The results 
of the few tests for neutralizing antibodies in the juice of recovered plants 
did not demonstrate their presence. It is possible that the decrease is due 
to a thermal inactivation in vivo, for the virus is unstable at greenhouse 
temperatures and the virus content of diseased plants appears to be less 
during hot summer months than in winter, when the temperatures were 
maintained at 20-24^^ G. (9). 

SUMMARY 

When young tobacco plants are inoculated with alfalfa-mosaic virus, the 
virus content of the plant increases from about the 4th to the 12th day after 
inoculation, then decreases rapidly. The juice from plants diseased for 48 
days or longer may be less than 1 per cent as active as that from plants dis- 
eased for only 12 days. In the older plants, most of the virus is located in 
the upper leaves, which show only a faint mottling ; but, even in such leaves, 
the concentration is much less than that reached about 12 days after inocu- 
lation. The older leaves, which once contained a high concentration of 
virus, contain very small amounts of virus and show no symptoms. Disap- 
pearance of symptoms is associated with loss of virus in such plants. It is 
suggested that tobacco plants, inoculated with alfalfa-mosaic virus, undergo 
a type of recovery similar to that exhibited by plants diseased with tobacco- 
ring-spot virus, and that the two phenomena differ in that the former virus 
is unstable m 

The addition of dipotassium phosphate to ground diseased tobacco plants 
before pressing out the juice more than doubles the amount of virus ex- 
tracted. With juice obtained in such a manner, dilution over a limited 
range results in an increase in the number of lesions produced. At medium 
dilutions, the number of lesions produced is inversely proportional to the 
dilution, but, at higher dilutions, the decreases in the number of lesions pro- 
duced are much greater than would correspond to the changes in dilution. 

From THE Department of Animal and Plant Pathology of 
The Rockefeller Institute for Medical Research, 

Princeton, ' New Jersey. : ■ 
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STUDIES ON MOSAIC OP COWPEAS, VIGNA SINENSIS' 

D . M . M c L E A N 

(Accepted for publication September 17, 1940) 

INTRODUCTION 

In the spring' of 1938, a mosaic disease of cowpeas {Vigna sinensis) 
caused severe dwarfing of the plants in certain experimental plots on the 
Oklahoma Agricultural and Mechanical College farm. The disease ap- 
peared to spread from a few infected plants until all in these plots were 
infected. 

The first report of cowpea mosaic known to the writer is that made by 
Elliott (2) in Arkansas in 1921. By 1929, records of the disease were 
issued to the Plant Disease Reporter from Oklahoma, Louisiana, Indiana, 
Georgia, Iowa, Mississippi, Kansas, and New Jersey. 

Smith (15) was the first to report insect and manual transmission of 
cowpea mosaic. He stated that the bean leaf beetle, Ceratoma triftircata^ 
is an efficient vector of the virus. Gardner (5) in 1927 reported seed trans- 
mission of the virus in the varieties Progressive White and Arlington. 

Chester (1) estimated the loss at 30 per cent in several fields in Okla- 
homa ill the season of 1939 and stated that the disease is seen frequently 
at various points in the State. Preliminary investigations demonstrated 
that the mosaic virus was seed-borne in the varieties New Era and Whip- 
poorwill. 

1 The writer wishes to acknowledge gratefully his indebtedness to Dr. K. Starr Chester 
and Dr. A. L. Pierstorff for helpful advice during the preparation of this manuscript. 



Fig. 1. A. Diseased cowpea leaf, showing characteristie symptoms of mottling. B. 
Mosaic-mottled cowpea leaflet after staining with potassium iodide. Dark stained areas 
illustrate the presence of starch ; iionstained areas are starch-free. 
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Studies were undertaken to determine varietal susceptibility, host range, 
properties, and methods of transmission of the virus. The experiments 
described were undertaken at The Ohio State University in 1938, 1939, 
1940. Insect transmission experiments were conducted in plantings at Old 
Fort, Ohio, in the summer of 1939. 


SYMPTOM EXPRESSION 


Seed samples of several important varieties of cowpeas were obtained 
from leading seedsmen and from diseased plants of the New Era and 'Whip- 
poorwill varieties grown on the Oklahoma A. and M. College farm. Seeds 
from these samples were planted in the greenhouse and the plants were 
carefull}^ examined for symptoms of disease when the first compound leaves 
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were fully developed. The seeds obtained from the seedsmen were free 
from virus mfectioii; however, those obtained from the mosaic infected 
plants carried the virus in 5 per cent of the seeds. 

Primary symptoms of mosaic usually appear in the simple leaves of 
plants grown from infected seeds. Vein-clearing in most cases is the first 
noticeable symptom in the developing leaves. Associated with or follow- 
ing vein-clearing, a typical mottling of light and dark green is evident. 
Sometimes, one or both of the simple leaves may exhibit mottling with occa- 
sional curled or ruffled edges. . 

There is fundamentally little difference in the characteristic symptoms 
produced in the first compound leaves or the succeeding ones in plants in- 
fected from seed or those secondarily infected. Irregular patches of a 
lighter green are found interspersed with the normal green (Fig. A). 
These patches often are found as elongated blotches running parallel with 
the veins of the leaflet. Accompanying the mottling there is frequently a 
slight convex cupping or arching of the leaflets. Plants grown from in- 
fected seed exhibit shortened internodes, prolepsis, and the petioles are fre- 
quently twisted and shorter than those on healthy plants. As a result of 
the systemic invasion the vegetative phase is prolonged, the plants are de- 
layed in maturity, and are still green at frost, after healthy plants have 
ceased growing and the seeds have ripened. 

TRANSMISSION 

Literature shows but few records of successful artificial transmission of 
cowpea mosaic. Smith (15) transmitted the disease by rubbing the leaves 
of diseased and healthy plants together and by needle inoculation. Chester 
(1) states that it can be transmitted mechanically but not -with 100 per cent 
regularity. 

By Mechanical (Manual) Inoculation 

In transmission studies, the method of Rawlins and Tompkins (13), 
whereby carborundum powder was used as an abrasive with the virus 
extract, gave a high percentage of infection. The virus was easily trans- 
mitted from diseased to healthy plants % pinching oft* a leaflet from a dis- 
eased plant by means of two pot labels, and, after crushing the leaflet 
between the labels, applying the macerated pulp directly to the leaf surface 
of a healthy suscept (8). 

The time elapsing between inoculation and the appearance of symptoms 
varied from 8 to 12 days. As noted by Elmer (4), the symptom expression 
is directly correlated with the vigor and rate of growth of the plants; that 
is, a vigorously growing plant exhibits more striking symptoms and does 
so in a shorter period of time following inoculation than does one of re- 
tarded growth. Readily recognizable symptoms develop only on foliage 
appearing subsequent to inoculation, and greenhouse conditions during the 
winter months may retard symptom expression. Exposing inoculated 
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plants to light from 200--vvatt Mazda lamps from 3: 00 p.m. to 12: 00 p.m. 
shortened the time of symptom expression. 

By Insects 

Smith (15) reported that the bean leaf beetle is a definite and efficient 
carrier of the eowpea-mosaic virus. Extensive inspections of cowpeas at 
Stillwater, Oklahoma, in 1938, and of beans and cowpeas in plantings near 
Old Fort, Ohio, in 1939, indicate that the bean leaf beetle does not habitu- 
ally feed on the cowpea plant in large numbers in these regions and, there- 
fore, is unlikely to be a frequent vector in the spread of this disease. In 
early plantings of cowpeas, the writer has observed rapid spread of mosaic 
without the appearance of any chewing insect. Spread of the disease 
appears to be correlated with the aphid population. 


TABLE 1. — Eesults of cage ex'geriments on insect transmission of cowpea mosaic, 
Old Fort, Ohio, 1939 


Insects used 

No. plants 

No. plants 

Percentage 

inoculated 

infected 

infection 

Black aphid (Sp. undet.) 

Potato aphid {Macrosiplium solanifoUi, 

8 

8 

100 

Ashm.) • 

10 

6 

60 

Melon aphid {Aphis gossypii Glov.) 

12 

12 

100 

Pea aphid {Macrosiphum pisi Kolt.) 

7 

5 

70 

Tarnished plant bug (Lygiis pratensis L.) 
Striped cucumber beetle {Diahrotica viP 

6 

0 

0 

tata Faba.) 

Mexican bean beetle (Epilachna corrupta 

4 

0 

0 

Muls.) 

Bean leaf hopper (Empoasca fabae he. 

4 

0 

0 

B.) 

12 

0 

0 


Elmer (3, 4) states that aphids and mealy bugs, Psettdococctts mari- 
timtis Ehr., carried the mosaic virus from potato, cucumber, and crookneck 
squash to beans and cowpeas. 

In preliminary investigations in the greenhouse, the writer used the 
peach aphid, Mymis persicae Sulz,^ and the potato aphid, Macrosipkum 
solanifoUi in caged transmission experiments. The results indicate that 
both of these species are efficient vectors of the virus. 

During the season, a collection was made of the more common species of 
aphids on cowpeas. The first aphid observed was a black species (undeter- 
mined), closely resembling the black bean aphid, J-pMs rumicis h. Other 
species included the potato aphid, the melon aphid, and the 

pea aphid, Macrosipkum pisi. In separate experiments, a number of each 
of these species were caged on diseased cowpea plants for 2 days. They 
were then transferred to caged healthy plants by removing a portion of the 
diseased plants containing the aphids and placing it at the base of the 
healthy plant. 

The results (Table 1) were so striking as to leave little doubt of the 

2 Aphids were supplied hy the Department of Entomology, The Ohio State University. 
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ability of these insects to transmit the virus. After 7 days, typical syinp- 
toms of mosaic appeared in the majority of transfers. Since ability to 
transmit the virus is not necessarily confined to certain species of aphids, 
it is probable that other species not tested also would prove efficient vectors. 

Many other species of insects were observed on cowpeas, the more com- 
mon ones being the tarnished plant bug, Lygus prat eiisis, the striped cucum- 
ber beetle, Diahrotica vittata, Mexican bean beetle, Epilachna corrupta, and 
the bean leaf hopper, Empoasca fahae. Transmission experiments with 
these insects yielded negative results. 

By Seed 

In order to study seed transmission of the mosaic virus in varieties of 
cowpeas that showed different degrees of susceptibility to the disease in the 
field, seeds harvested from these varieties were planted in the greenhouse 
and observations were made on the percentage of diseased seedlings in the 
respective varieties. When the plants had developed the first compound 
leaves, they were carefully examined for mosaic symptoms. The results 
of this test are given in table 5. 

A study of the table will reveal a correlation between varietal suscepti- 
bility and the percentage of infected seeds produced. The highly suscep- 
tible varieties produced more virus-infected seeds than the slightly 
susceptible or somewhat resistant varieties. 

PROPERTIES OP THE VIRUS 

A series of experiments was undertaken to determine the physical 
properties of the virus after the writer had found that the virus could be 
transmitted readily from plants grown from infected seeds. For this pur- 
pose diseased seedlings were crushed and the sap extracted. After treat- 
ment, the juice was rubbed into the leaves of healthy New Era plants 
dusted with carborundum powder. 

Aging in vitro 

Extract was stored in a cotton stoppered Erlenmeyer flask at room tem- 
perature, ranging from 20 to 25 degrees Centigrade. After different inter- 
vals of time, juice from the flask was used for inoculation to healthy 
suscepts. The results of these tests are shown in table 2. The extract was 
infective after aging in vitro for periods up to and including 48 hours. 


TABLE 2 . — Effect of aging cowpea-mosaic virus extract in vitro on infectivity 


Time aged (hours) 

Plants inoculated 

Plants inf eeted 

Control 

24 

■ 22 

12 

12 

5 . 

24 

■ 12 

- '3 

48 

12 

■ ' ■ 1 ■ 

72' . . 

12 

0 

96 

12 

0 


1941] McLean: Mosaic of Cowpeas 425 

Thermal Inactivation 

Resistance to heat was determined by placing 3 ec. of the extract in thin 
test tubes, heating in a water bath at the desired temperature for 10 min- 
utes, cooling rapidly, and then testing its infectivity by inoculation to 
healthy New Era plants. The results of several experiments are given in 
table 3. Infection was obtained from extract heated at various tempera- 
tures up to 72° C., but was not obtained from sap heated to 75° C. 


TABLE 3. — JEjfect of heating cowpea-mosaic virus extract at different temperatures 
on infectivity 


Temperature (in degrees 
Centigrade) for 10 minutes 

No. plants inoculated 

No. plants infected 

Control 

12 

9 

60 

12 

i 9 ■ 

63 

12 

1 6 

66 

12 

' 5 " ■ 

69 

12 

1 ' ■ 5 

72 

12 

3 

75 

12 

0 

78 

12 

0 


Effect of Dilution 

To determine the effect of dilution, extract was diluted with sterile 
water and tested for infectivity by manual inoculations to healthy New Era 
plants. The results are shown in Table 4. 


TABLE 4. — Effect of diluting cowpea-mosaic virus extract on infectivity 


Dilution 

No. plants inoculated 

No. plants infected 

Control 

24 

22 

1: 5 

12 

11 

1: 10 

12 

11 

1:100 

12 

7 

1:500 

12 

3 

1:1000 

12 

3 

1:1500 

12 

0 

1:10000 

12 

0 


EFFECT OF THE VIRUS ON STARCH SYNTHESIS 

Leaves from diseased plants that had been exposed to moderate sun- 
light for a period of 5-8 hours were tested for starch with potassiuni iodide 
by the method described by Meyer and Anderson (10). The leaves dis- 
played patterns corresponding to the green and yellowish-green areas in 
the leaves ; indicating that the synthesis of starch had been inhibited in the 
leaf tissues where chlorophyll w^as deficient. The yellow-green areas con- 
tained little starch and did not stain, while the green areas, which stained 
dark-purple, contained an abundance of starch (Pig. 1, B). 

VARIETAL SUSCEPTIBILITY 

Gardner (5) mentioned a number of varieties of cowpeas (Early Red, 
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Early Black, Whippoorwill, Iron, Red Ripper, Arlington, Clay, Conch, 
Columbia, Groit, and the related species V. cat jang), which were infected 
during the growing season of 1927 in Indiana, after the disease had spread 
by natural inoculation agents from the infected Progressive White variety. 

Some idea of the relative susceptibility of the different varieties being 
tested was gained from field experiments. Seeds of each of the varieties 
referred to in table 5, were planted in successive rows 150 ft. long with 36 

TABLE 5— The relative susceptihility of eowpea varieties to mosaic and the per- 
centage of seed transmission 


Seed Transmission 


Variety 

No. seeds 

No. seeds 

No. seedlings 

Percentage 


planted 

germinated 

infected 

of infection 


Class 1. Highly Susceptible 


New Eraa 

1000 

925 

49 

5.0 

WhippoorwilD 

1000 

827 

38 

4.5 

Brabham 

1000 

829 

17 

2.0 

Groitb 





Eice Pea 

90 

29 

2 

6.8 

Lady Pea^ 





Cotton-Patehb 






Class 2. Moderately Susceptible 


Columbia*^ 





Coneli 

5570 

291 

16 

5.0 

Early Eamshorii Blaekeye ..; 

1000 

770 

26 

3.0 


Class 3. Susceptible 


Clay 

210 

164 

5 

3.0 

Victor*^ 





Brown Sugar Crowder 

400 

364 

16 

4.0 

Catjangb 





Class 4. Slightly Susceptible 

Cream Crowder ] 

1130 

1031 

21 

2.0 

Bed Bipper 

1000 

600 

0 

0.0 

Taylor 

1000 

803 

27 

3.0 

Iron 

190 

141 

2. 

1.0 

Black 

1051 

712 

0 

0.0 


a Indicated original seed-borne infections. 

Data on seed transmission were not kept on these varieties. 

inches between the row. The varieties New Era and Whippoorwall were 
alternately planted in the 3rd, 6th, 11th, and 16th rows. When the plants 
had developed sufficiently, and under conditions that may have been 
unfavorable for some varieties, to exhibit symptoms, each variety was care- 
fully examined for primary^ symptoms arising from seed-borne infections. 
Such infections were found only in the New Era and Whippoorwill varie- 
ties. After several weeks, an increased number of diseased plants, prob- 
ably due to secondary infections by naturally present insect vectors, was 
observed; by July 15, nearly 100 per cent infection was evident in the 
highly susceptible varieties. All plants were grown to maturity and ree- 
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orcls kept on tlie relative severity of the mosaic as displayed in the external 
symptoms of each variety (Table 5). 

Prolepsis and dwarfing, 'when either occur in conjunction with other 
symptoms, are regarded as indications of extreme susceptibility. These 
characters are not evident in all varieties, and the only symptoms present 
is the mosaic pattern in the younger leaves. 

Four groups were recognized by the writer in an arbitrary classification 
as exhibiting relative susceptibility to mosaic. This grouping was based on 
external symptoms and the general vigor of the plants in the row. 

Class 1. Highly susceptible: Plants were severely dwarfed and showed marked abor- 
tion of flowers in early infections. The leaflets were malformed and prominently mottled. 

Class 2. Moderately susceptible : Plants were definitely dwarfed. Leaf symptoms 
were not as prominent as in class 1. 

Class 3. Susceptible: Plants of this class showed less effects of mosaic infection 
than those in class 2. There was little stunting of plants or reduction in yield of pods. 
Mosaic symptoms were evident in the younger leaves. 

Class 4. Slightly susceptible (somewhat resistant) : Plants were lightly mottled in 
the younger leaves only. The plants grew vigorously and apparently were not injured 
by the virus. 

TRANSMISSIBILITY TO OTHER SUSCEPTS 

Since the suscept relationship is a vital factor in the study and control 
of viruses, an attempt ^vas made to transfer the mosaic virus of cowpeas to 
a number of species of Leguminosae, as well as a number of other species 
that have proved susceptible to mosaic viruses. 

Inoculations were made by applying macerated tissue from diseased 
cowpea plants to the leaves of the healthy suscepts by means of sterile pot 
labels after sprinkling carborundum powder on the suscept leaves. The 
pea aphid also was used in attempts to transmit the virus, where this insect 
would transfer readily. 

In repeated tests, the Lima bean (Phaseolus lunaiiis macrocarptis 
Benth.) variety WoocFs Prolific, proved susceptible to infection. Mild 
symptoms were visible in 8 to 10 days following inoculation. Vein clear- 
ing was the first noticeable symptom, followed by mild-mosaic mottling in 
the young leaves. 

Attempts to infect the following species were negative: Vim /aha L., 
Fisum sativum L., P. sativum var. arvense Lathy rus odoratus h.j 

Phaseolus vulgaris L., P. aureus Boxb., P. lunatus L. var. Pordhook Bush 
Jjimsi, Lycopersicon esculentum Mill., Solamim tuberosum L., Petunia 
hybrida Hort, Datiira stramonium L., Capsicum annuum L,, Zinnia elegans 
Jacq., Cucumis sativus L., Nicotiana tabacum L., N. glutinosa L. 

These results are not conclusive, as this experiment was performed in 
late winter when conditions were not entirely favorable for the expression 
of symptoms. 

DISCUSSION 

The reports of the occurrence of the mosaic in cowpeas (15, 5, 2, 1), 
probably deal with the same disease here reported, since it has been shown 
that the virus is seed-borne and no other virus has been reported as causing 
a naturally incident infection of cowpeas. 
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Harter (6) and McCliiitock (9) studied a mosaic of Lima beans and 
found that the causal virus also produced local necrotic lesions on the Black 
and Blackeye cowpeas {Yigna sinensis). Harter (6) proposed that this 
virus be designated a Lima-bean strain of the cucumber virus because of its 
similarity to the latter. In a parallel experiment he inoculated the Black 
cowpea with juice from mosaic-diseased celery, cucumber, and Lima bean 
and obtained numerous lesions in all cases. ’Wellman (17) was unable to 
transf er a mosaic virus from celery to cowpeas with the melon aphid. Com- 
mon bean mosaic, according to Reddick and Stewart (14), would not pro- 
duce infection on Blackeye cowpeas. Pierce (11) was unable to produce 
infection on cowpeas with bean virus 1, bean virus 2, alfalfa virus 2, and 
tobacco virus 1. The writer was unable to cause infection on cowpeas with 
tobacco virus 1. 

Zaumeyer and Wade (19) related various legume mosaics to bean mosaic, 
and, in cross inoculations, were unable to infect cowpeas with pea mosaic 
virus 2, white-clover mosaic, white-sweet-clover mosaic, alfalfa mosaic, red- 
clover mosaic, and common bean mosaic. Zaumeyer (20) found that al- 
falfa-mosaic virus 1, virus lA, and virus IB, caused local lesions on cow- 
peas. The local lesions produced by alfalfa-mosaic viruses on cowpeas are, 
as pointed out by Price (12), quite similar to those produced by various 
strains of cucumber-mosaic virus. 

Elmer (4) was unable to transfer a mosaic virus of cowpeas by manual 
inoculation, but found that aphids transferred the virus under greenhouse 
conditions. He was able to demonstrate that cowpeas could be infected 
with viruses from potato and cucumber with viruliferous aphids, while 
mealy bugs transmitted viruses from erookneck squash, eggplant, and soy- 
beans to cowpeas. Elmer (4) did not describe the symptoms of diseases 
on the v'arious suscepts in his cross-inoculations nor did he specify the 
source of the cowpea virus. It is not known whether he was dealing with 
the mosaic virus reported in this paper. 

Stubbs (16) was unable to secure infection on the Iron variety of cow- 
pea with pea virus 1, pea virus 2, pea virus 2B, pea virus 20, and tobacco 
ring-spot virus. Wingard (18) secured necrotic lesions on Blackeye cow- 
pea leaves with the tobacco ring-spot virus. Pierce (11) found that tobacco 
ring-spot virus produced local necrotic lesions followed by systemic infec- 
tion, which, in nearly all eases, caused death of Groit cowpea plants. 
Tobacco ring-spot also will infect cucumber. 

It has been demonstrated that celery mosaic, cucumber mosaic, and Lima 
bean mosaic are closely related diseases and apparently caused by strains of 
the same virus. None of the following legume viruses appear to infect 
cowpeas ; bean virus 1, bean virus 2, pea virus 1, white-clover-mosaic virus, 
white-sweet-clover-mosaic virus, and red-elover-mosaic virus. Alfalfa 
viruses 1, lA, IB, appear to bridge the gap between the legume viruses and 
the cucumber-virus group, since they cause local lesions on leaves of beans, 
broadbeans, and cowpeas. Alfalfa mosaic viruses lA and IB produce sys- 
temic mosaic infection in cucumber, zinnia, and petunia. 
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Price (12) obtained localized necrotic lesions on the leaves of 8 common 
varieties of cowpeas when inoculated with Porter ’s ciicinnber-niosaic virus. 
Johnson’s cucumber-mosaic virus produced similar results. Price obtained 
2 strains (strains yl, y2) of the original cucumber-mosaic virus that caused 
systemic infection in the Blackeye cowpea. The symptoms produced by 
these strains are apparently similar to those by the cowpea-mosaic virus 
herein described. Price’s cowpea strain of cucumber mosaic is the strain 
classified by Holmes (7) as Marmor ciicumeris var. vignae^ and has not 
been found occurring naturally on cowpeas. 

SUMMARY 

The mosaic disease of cowpeas was first reported from Arkansas in 1921. 
Since then it has been found in Indiana, Louisiana, Oklahoma, Georgia, 
Mississippi, Iowa, Kansas, and New Jersey. 

The highly susceptible varieties exhibit the most striking symptoms. A 
dwarfed slender growth with a tendency toward excessive branching is 
associated generally with mosaic. 

Cowpea mosaic can be transmitted by ordinary manual methods of 
inoculation, but not with 100 per cent regularity. Carborundum powder 
aided in transmission of the virus when it was used as an abrasive with sap 
extracted from diseased plants. Vigorously growing plants exhibit symp- 
toms in a shorter period than slowly growing plants. 

The highly susceptible varieties commonly carry the virus in about 5 
per cent of the seeds from infected plants. 

The virus was transmitted by the following species of aphids: Macro- 
siphum solanifolii, M. pisi, Aphis gossypii, Myzus persicae, and a black 
aphid (species undetermined). The bean leaf hopper, tarnished plant bug, 
Mexican bean beetle, and the striped cucumber beetle failed to transmit 
the virus. 

The virus was infective after aging in vitro for periodsnp to and includ- 
ing 48 hours, but was not infective after this period. The thermal inactiva- 
tion point ranges between 72 and 75° C. The virus was not infective in 
dilutions greater than 1 : 1000. 

Starch synthesis is inhibited in the yellowish-green areas in the leaves. 
When the leaves w^ere stained with potassium iodide, the green areas, 
which stained deep-purple, contrasted sharply with the yellowish-green 
areas that did not stain. 

Cowpea mosaic virus was transmitted to Lima bean by manual inocula- 
tion and by the pea aphid. Attempts to infect the following species were 
unsuccessful: Vida fal)a, Pisiim sativum, P. saiivimi var. arvense, Lathyrus 
odoratus, Phaseolus vulgaris, P. aureus, P, lunatus var. Fordhook Bush 
Lima, Lycopersicon esculentum, Solanum tuberosum, Petunia hybrida, 
Batura stramonium, Gapsicum annuum, Zinnia elegans, Cucumis sativus, 
Nicotiana tabaeum mid N. glutinosa. 
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BRAZILIAN BEAN VARIETIES AS PLANT INDICATORS FOR THE 
TOBACCO-MOSAIC VIRUS 

K. Silberschmidt AND M. Kramer 
(A ccepted for publication August 19, 1940) 

INTRODUCTION 

Price (6) already lias reported that some varieties of garden beans 
{PhaseoUis vulgaris) deYeloi^) local necrotic lesions when the upper surface 
of the cotyledon leaves is rubbed with juice containing the virus of the 
ordinary tobacco mosaic (Johnson's tobacco virus 1). 

Experiments performed by Price showed that lesions produced on cer- 
tain bean varieties are useful in indicating relative concentrations of virus 
in samples of juice from mosaic-affected plants. There were obtained spe- 
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eially good results with the bean varieties Scotia and Early Golden Cluster. 

In our studies on the significance of the tobacco-mosaic disease in the 
State of Sao Paulo (7) we have obtained good results in the past 2 years 
from beans of the Scotia variety, kindly supplied by Dr. W. C. Price. 
Nevertheless, we tried to find out whether other varieties also might serve 
as indicators of virus concentration in mosaic-virus-containing liquids. 
Therefore, we performed experiments on the behavior of 73 other bean 
varieties, obtained in great part through the kindness of Dr. C. A. Krug 
and L. A. Nucci of the Institute Agronomico do Estado at Campinas. 

MATERIAL. 

We used in our comparative studies a collection of bean varieties, part 
of which were bought on the market in Sao Paulo. Naturally, the varieties 
thus obtained represent samples of commercial value and of frequent con- 
sumption in the State of Sao Paulo. Of the varieties mentioned, without 
designation by number (Table 1), the following samples belong to this 
group: Preto S. Paulo, Preto Eio Grande, Leite, and Chumbinho. 

Most of the varieties used in our studies were obtained through courtesy 
of the Department of Genetics, Instituto Agronomico do Estado, at Cam- 
pinas, and consisted of 69 samples, the greater part of which represent 
Brazilian varieties, cultivated many years for genetical purposes in Cam- 
pinas. To the collection also belonged a few foreign varieties, received in 
recent years at the Instituto Agronomico. We mention here first the fol- 
lowing North American varieties, supplied in 1937 to the Instituto Agro- 
nomico by the Universit}^ of Idaho and since multiplied in Campinas; 
Eobust No. 253, Great Northern No. 249, Idaho Eefugee No. 252. 

The varieties Stringless Greenpod No. 199 and Canadian Wonder No. 
204 were received in 1936 in Campinas, from the Department of Agricul- 
ture, Brisbane, Australia. 

The following varieties were received in 1936 from the Agricultural 
Department of Costa Eica : Jamaiqueilo No. 212, Higuerilla Blancos No. 221, 
Blancos o Lechillas No. 234 and Ahuinados del Coyol No. 241. Finally, 
we still have to explain briefly the descent of the greatest part of the varie- 
ties of the collection, e,g., those considered Brazilian. Some of them, as the 
samples named Mulatinho Nos. 1-4, Bico de Ouro 65, Enxofre 111 and 
Manteiga 9 are varieties cultivated here on a large scale, being of a great 
economic importance. Other varieties, as Porto Alegre 34, Chita 121 and 
122, Fosco 124, from Brazilian agricultural experiment stations, are of a 
more limited economic interest. 

In the collection there are still a few varieties with foreign names, as 
Long Fellow 20, Thousand-to-one 21, Byington 18, that are, of course, 
originally imported from other countries, but are now already acclimated 
in Sao Paulo. 

In table 1, all the varieties received from Campinas are designated by 
the numbers given them in the collection of the Department of Genetics. 
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TABLE 1 . — The hehavior of Brazilian and foreign hean varieties in presence of 

tohaeco-mosaic virus 


Varieties 

Number of 
the varieties 
in the col- 
lection of 
the Inst. 

Agron. 

Number 
of leaves 
inocu- 
lated 

Aver, 
number 
of lesions 
per leaf 

Diameter 
of the 
lesions 
(mm.) 

Type of 
lesions 

Group I. — Strong reactions 






1. Tliousand-to-one 

21 

4 

173 

0.5 

G • 

2. Scotia 


30 

147 

0.5-1.5 

Q 

3. Foseo 

124 

20 

140 

0.6~1.0 

o@ 

4. Preto 

43 

22 

124 

0. 4-1.0 

o# 

5. Preto S. Paulo 


22 

101 

0.4-0.8 

o ® 

6. Branco 

72 

10 

93 

0.5-0.8 

o® 

7. Robust 

253 

24 

73 

0, 5-1.0 

o ® 

8. Bico de Ouro 

36 

24 

66 

0.5-0. 8 

©•- 

Group II. — ^Medium reactions 






9. Mulatinho 

117 

14 

203 

0,4-1.0 

o ® • 

10. Jaboticabal C 

30 

8 

181 

0.5 

® ‘ 

11. Campineiro 

42 

10 

172 

0.5 

® • 

12. Idesso : 

27 

16 

92 

0.4-0.6 

® • 

13. Porto Alegre 

34 

8 

73 

0.4-0.5 

® 

14. Porto Alegre 

62 

16 

52 

0.5 

m . 

15. Bico de Ouro 

242 

10 

52 

0.2-0.4 

® • 

16. Preto R. Grande 


20 

50 

0.3-0.5 

# . 

17. Bico de Ouro 

66 

20 

43 

0.5-0.8 

0 • • 

18. Mulatinbo barrado 

38 

14 

42 

0.3 

® 

19. Mulatinbo 

79 

10 

26 

0.3-0.4 

® • 

20. Lambe-beiQO 

10 

16 


0.5 

o 

21. Leite 






Group III. — Weak reactions 






22. Ganna verde 

48 

16 


0.3 

® 

23. Cabreuva 

23 ^ 

16 

i 

0.2 


24. Blaeos o Leeliillas 

234 

2 

1 224 

0.1 


25. Mulatinbo 

90 

8 

I ■ 137 

0.3 

® . 

26. Jaboticabal A 

28 

10 

I 136 

0.2-0.4 


27. Porto Alegre 

32 

8 

i 114 

0.3 


28. Chita 

122 

4 

^ 106 

0.1 


29, Campineiro 

77 

6 

I 83 

i 0.2 


30. Enxofre 

126 

18 

^ 76 

0.2 


31, Mulatinbo ra jado ^..... 

3 

6 

74 

0.2 


32, Pardinbo 

45 

22 

1 72 

0.3 

® * 

33, Roxo 

91 

10 

63 

0.1-0.2 


34. Mulatinbo tupy 

109 

12 

60 

0.3 


35. Chita 

121 

14 

59 

0.2 


36. Ahumados del Coyol ■..., 

241 

6 

55 

0.2 


37. Mulatinho conimurn 

4 

14 

53 

0.1 


38. Rosa 

60 i 

8 

47 

0.1 


39. Mulatinbo elaro 

39 

10 

44 



40. Mulatinho aleinao 

■ 2 

8 

44 

0.1 


41. Mulatinbo 

119 1 

14 

39 

0.1 


42. Jamaiqueno 

212 

4 

33 

|. ,0.1' ■ 


43. Higuerilla Blancos 

221 

4' 

29 

0.2 


44. Chuinbinbo 


4 

26 



45. Preto foseo 

113 

10 

26 

0.2 


46. Rap6 * 

256 

10 

24 ■ ' 



47. Mulatinbo novo 

1 

6 

18 



48. Victoria :. 

106 

8 

16 



49. Bico de Ouro 

65 

10 

11 



50. Mulatinbo 

1 

37 

10 

10 



51. Triumpho 

26 

10 

6 



52. Minguinlio 

58 

6 

4 



53. Cabreuva 

50 

6 

3 
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Tx\BLE 1. — (Concluded) 


Varieties 

Number of 
the varieties 
in the col- 
lection of 
the Inst. 

Agron. 

Number 
of leaves 
inocu- 
lated 

Aver, 
number 
of lesions 
per leaf 

Diameter 
of the 
lesions 
(mm.) 

Type of 
lesions 

Group III. — (continued) 






54. Porto Alegre 

19 

8 

2 




63 

10 

1 



56. Idaho Befugee 

252 

16 





18 

16 










Group IV. — Negative reactions 






58. Staleys Brown Beauty 

203 

i . 14 

0 



59. Canadian ‘Wonder 

204 

10 

0 



60. Long Bellow 

20 

14 

0 



61. Great Northern 

249 

12 

0 



62. Stringless Greenpod 

199 

10 

0 



63. Baalbek 

107 

16 

0 



64. Bihon Eojo 

246 

16 

0 



65. Nhambu 

69 

16 

0 



66. Mulatinho 

73 

16 

0 



67. Manteiga 

9 

26 

0 



68. Manteiga 

41 

22 

0 



69. Manteiga 

40 

20 

0 



70. Manteigao 

40 

22 

0 



71. Enxofre 

111 

10 

0 



72. Enxofre 

53 

6 

0 



73. Abundancia 

14 

4 

0 



74. Eava de alta elasse 

15 

2 

0 




As for the taxonomic position of the bean varieties used in onr experi- 
ments, this is difficult to determine with exactness because of the marked 
differences of the system of classification admitted in the descriptions of 
the genus Phaseolus given by Engler-Prantl (4), Bailey (1), Hegi (5) and 
Bondar (2). There is no doubt however, that all the varieties employed 
belong to the species P. vulgaris Ij. and, following the classification pro- 
posed by Hegi, which is based on the size of the plants — mostly to the sub- 
species ‘ ' nanus. ' ’ d ’Utra (3 ) , who published a study about Brazilian bean 
varieties, subdivided them into various groups, according to shape and color 
of the seeds. 

In conformity with this author, the commercial varieties /^enxofre’’ 
belong to the group Phaseolus vulgaris sphaericus; those named / ^chum- 
binho,'lto the group Phaseolus vulgaris ellipticus; the various commercial 
varieties, commonly named ^^mulatinho,’’ were included in the group 
Phaseolus vulgaris eompressus. The commercial varieties, called ^^preto^’ 
do not yet constitute, according to d^Utra, a uniform botanical group, 
but have to be included partly in the group Phaseolus vulgaris eompressus, 
like the ^^mulatinho'^ beans, partly to the group Phaseolus vulgaris 
oUongus and, finally, mostly to the group Phaseolus vulgaris sphaericus. ^ 

With reference to the foreign commercial varieties of beans, which 
belong to the collection of the Instituto Agronomico, we can make no state- 
ments about their taxonomic position. It seems, however, that most of these 

varieties belong to the subspecies 
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METHOD 

The method of inoculation used in the experiments herein reported con- 
sisted in putting a drop of the inoculum on the bean leaf to be inocidated 
and in gently rubbing with the thumb moistened in this liquid the entire 
upper surface of the leaf. The drops were placed with a pipette and 
contained always a definite quantity of liquid, in general 0.03 ee. One 
or two plants of the same yarieties, tested with the inoculum, were left 
as controls and were inoculated with the sap of healthy plants of Nicotiana 
tahaciim. 

As for the sap containing mosaic virus, all the inoculations were 
first executed with concentrated mosaic-virus sap, prepared in a sterilized 
porcelain mortar by adding 1 cc. water per gram of the infected leaves of 
tobacco. Later, other plants of those varieties of greater interest were 
treated with the following dilutions : 1:5, 1:10, 1 : 100 and 1 : 1000. The 
number of the plants used in each experiment depended on the available 
numbers of beans : in general, we made use of eight and never less than two 
plants. 

VARIETAL SUSCEPTIBILITY 

In the varieties here studied the lesions begin to develop^ as described by 


Pig. 1. Primary leaves of bean varieties, inoculated with tobacco -mosaic virus, which 
exhibit ^ ^ strong reactions. ^ ’ 
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Price (6), within 2 to 5 days. Generally, they were observed 5 or more 
days after inoculation, thus making it possible to observe the number, size, 
and type of resultant lesions. In this respect our studies differed from 
those of Price (6), who considered only the number of lesions that appeared 
on the inoculated leaves. 

Price (6) separated the varieties into 3 groups. He considered as be- 
longing to the first group all varieties of which every inoculated plant de- 


Fig. 2 . Primary leaves of bean varieties, inoculated with tobacco-inosaie virus, which, 
exliibit ^ ^ medium reactions. ’ ’ 
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veloped local necrotic lesions. In his second group, lesions appeared on 
one or more, but not on all, of the inoculated plants. In the third group, 
none of the inoculated plants developed lesions. 

We, however, have found such sharp differences in the visibility of the 
lesions of the different varieties, that we must consider also the ensemble 





Mulatinho coimnum 4 


Fig. 3. Primary leaves of bean varieties, inoculated witb tobacco-mosaic virus, 
exhibit ^ ^ 'weak reactions. ^ ^ 
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of size, shape, and coloration of the lesions, as very important. On the 
basis, therefore, of number, size, and type of the lesions, we tried to sepa- 
rate the varieties inoculated into four groups, in conformity with their 
practical value to the study of tobacco mosaic. These groups are named, 
respectively, groups of strong, medium, weak, and negative reactions. 

Thus, we consider strong-reaction varieties to be those presenting con- 
spicuous, well-marked, individual, and large, local necrotic lesions of ±: 1 
mm. diameter. These lesions consist in a characteristic brown ring includ- 
ing a lighter nucleus (O) (Fig. 1). The medium-reaction varieties show", 
in the majority of eases, small necrotic lesions, w"hich resemble small, com- 
pact, dark-brown plates sufficiently distinct to be readily counted ( ® ) 
(Fig. 2). The weak-reaetion varieties are characterized by very small 
necrotic lesions, which appear either in great or in small number. These 
lesions are difficult to count, because of their small size. For this reason 
the varieties on wffiich they occur are unsatisfactory for use in statistical 
studies (■) (Fig. 3). The fourth or negative-reaction varieties of beans are 
characterized by the absence of any local necrotic lesions within 20 days, a 
period long enough to produce symptoms on the samples of the other 
groups. 

It must be mentioned here, that we inoculated in all the series a set of 
test plants w"ith water or with sap of healthy tobacco plants. None of these 
plants developed symptoms of mosaic. The mean results of these experi- 
ments, performed with these varieties, are presented in table 1. 

DISCUSSION 

As explained in the foregoing, all the varieties of beans considered in 
our study of their importance as indicators of the tobacco-mosaic virus were 
grouped in four different classes, according to the visibility of the symp- 
tomatic necroses produced on the primary leaves after inoculating them 
with tobacco-mosaic virus, and also according to the decreasing order of 
the average number of lesions per leaf. 

Since our classification was based on more complex characters than were 
employed by Price, we cannot expect our four classes to coincide strictly 
with Price's three groups. As a matter of fact, we find in 3 of our 4 classes 
varieties that develop a great number of local lesions, and that Price prob- 
ably wuuld have placed in the first group. For practical purposes, hovr- 
ever, not all the varieties that show a great number of lesions on the 
primai’y leaves have the same value as virus indicators. A rapid counting 
of the lesions may be performed only on varieties having not only many but 
also large lesions. It would seem to us, therefore, that wm are, because of 
visibility of necrosis, perfectly justified in including in different groups 
varieties not distinguishable with reference solely to the number of lesions 
produced on the primary leaves inoculated. 

Although we first adopted this system of classification for practical rea- 
sons only, w^e are now convinced that it is more in accord with the real dif- 
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fereiices of mosaic-virus resistance of the bean varieties studied than is the 
grouping followed by Price (6). Whereas Pricers classification is partly 
based on a character more or less casual, that is, if a few or all of the inocu- 
lated plants develop local symptoms, our classification is founded on varietal 
qualities based strictly on * ‘ resistance ’ ^ and ' ^ immunity/ ^ 

To support this opinion, we shall here try to explain in what manner dif- 
ferences of reaction in the different bean varieties may arise. In varieties 
'‘hypersensitive’' to the mosaic virus, the invaded cells are killed soon after 
infection. In such cases large numbers of small lesions are observed in 
the inoculated leaves. 

In other less sensitive varieties the tissue is killed only after a period 
long enough to permit invasion of a larger number of cells. Here we find 
the production of distinctly larger necrotic spots. 

There still exists a third case, one in which the varieties exhibit a com- 
plete lack of susceptibility to the virus of tobacco mosaic. These varieties 
are placed in group 4. Here the virus particles do not enter the host cells, 
hence they do not increase to an extent sufficient to produce pathological 
effects. 

We intend to continue our tests on this subject and to study more 
exhaustively the physiological qualities connected with the differences of the 
various bean varieties against mosaic virus. 

There derives, from the study of table 1, the question whether we can 
establish a relation between strength of reaction of the different varieties 
against mosaic-virus and their taxonomic position. 

Even a rapid examination of the varieties belonging to every one of our 
groups shows no very strict relationship between resistance of the varieties 
to the mosaic virus and the form and color of the seeds, representative 
characters essential to taxonomic classification. Thus belong to the first of 
our groups, distinguished by "strong reactions,” varieties with black, 
white, or brown, flat, round, or oblong, seeds. Considering, however, the 
distribution of the different systemic unities amongst the 4 groups of our 
table, we may verify that frequently various varieties of a taxonomic unity 
belong to the same group shown in table 1. For instance, the 3 varieties 
of the type "manteiga” and the 2 varieties of the type "enxofre” studied 
by ras, showed no reactions against mosaic virus, belonging thus to the 4th 
group (Table 1). The majority of our commercial varieties of the type 
"mulatinho,” which is included in our studies, presented medium or weak 
reactions, whereas the varieties of the type "preto” exhibited strong, or 
medium reactions. It is, however, true that the facts presented indicate 
only slightly the existence of a certain relationship between the reaction of 
the varieties and their taxonomic position. 

But, considering that our studies included a relatively small number of 
varieties of the various types and that the taxonomic positions, not even of 
our types, are absolutely sure, it is probable that the continuance of this 
research on a larger scale will disclose the existence of interesting relation- 
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ships between the taxonomic position and their resistance against mosaic 
virus of the commercial bean varieties. 

SUMMARY 

The primary leaves of bean plants of 73 varieties were inoculated with 
sap containing the tobacco-mosaic virus. The necrotic symptoms observed 
on the inoculated leaves were used to separate the varieties into 4 groups. 

Such separation depends on the number, size, type, and visibility of the 
necrotic lesions, in which group every variety will be included, and its 
position within every group will be determined. 

In the discussion we try to explain why we have not adopted for our 
purposes Price’s classification, a classification exclusively based upon the 
character of the number of necrotic lesions. 
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Sao Paulo, Brasil. 
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BOTEYTIS AND SCLEEOTINIA AS POTATO TUBER PATHOGENS^ 

Glen B. Ramsey 
(Accepted for publication October 1, 1940) 

Although species of Botrytis and Sclerotinia are more or less common to 
most vegetable-growing regions, there are a few crops that usually are not 
affected by these fungi. The potato is one of the outstanding rarely affected 
vegetables. Under cool, humid conditions Botrytis cinerea Pers. sometimes 
causes a blight of potato plants, emd Sclerotinia sclerotiorum (Lib.) deBy. 
causes a stem rot and wilt but neither of these organisms seems to cause a 
tuber rot that is apparent at digging time. If such decay ever occurs it has 
been overlooked or at least not recognized as a distinct disease. 

In 1927, Folsom^ reported a rot of stored potatoes caused by Botrytis 
cinerea, and further described and illustrated this disease in 1933 (4), fol- 
lowing an investigation of an unusual storage rot of Maine potatoes char- 

3 All investigation conducted by the Division of Fruit and Vegetable Crops and His- 
eases, Bureau of Plant Industry, U. B. Department of Agriculture, in cooperation with 
the Botany Department of the University of Chicago. 

2 U. S. Dept. Agr. Bur. Plant Ind., PL Dis. Rptr. 11: 54. 1927. (Mimeographed.) 
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aeterized by a withering of the stem end and a semi-watery brown decay of 
the internal tissues. When the tubers were almost entirely decayed, the 
fungus frequently came to the surface through the eyes and there produced 
the typical grayish-brown spores. In each case the fungus apparently had 
followed down the stolon from the affected vine and entered the tubers 
through the stem end. 

The occurrence of Botrytis rot (gray mold rot) of potatoes on the market 
was first noted in January, 1938, in two ear lots of Bliss Triumph potatoes 
received on the Chicago market from California.*^ These potatoes were said 
to have been raised in the mountains east of Bakersfield at an elevation of 
about 4500 feet. The crop was harvested about mid- August and shipped to 
San Francisco, where the potatoes were held in cold storage until late De- 
cember and then shipped to a nearby city where washing facilities were 
available. There they were washed, graded, and packed for shipment. Gn 
arrival in Chicago they showed defects ranging from 12 to 35 per cent, 
averaging approximately 22 per cent, consisting principally of bruises and 
mechanical injury. All crates of potatoes examined showed some botrytis 
rot. A brown, watery decay, which characterizes the advanced stage of this 
disease, affected an average of about 5 per cent of the tubers (Pig. 1, A, B, 
C) . In addition to this decay, many crates showed an average of 9 per cent 
of the tubers affected with a dry type of botrytis rot (Pig. 1, D) appearing 
as sunken, pitted, and discolored areas, which penetrated into the flesh 
inch. An inspection of this same stock in a store 2 days later showed an 
average of 35 per cent of the tubers affected with botrytis rot. In advanced 
stages of decay the fungus covered a large part of the surface of the tubers 
and the characteristic grayish brown spores were evident (Pig. 1, A, C). 
On some almost completely decayed tubers, a few black sclerotia had formed 
in the appressed surface mycelium. Isolations were made from several 
tubers showing both the dry and the wet types of decay and in each instance 
pure cultures of a Botrytis were recovered that correspond to the description 
usually given for Botrytis cinerea Pers. 

Folsom (4) showed that Botrytis cinerea is pathogenic to potato tubers 
inoculated through wounds and held in high humidity at moderately low 
temperature. The writer observed that, under somewhat similar conditions, 
the strain of Botrytis isolated from the California potatoes would also cause 
an extensive decay of other potato tubers. For test inoculations usually 24 
midsize tubers were selected for freedom from disease and blemishes and then 
treated for 30 minutes in a 1 : 240 solution of formaldehyde. After steriliza- 
tion they were rinsed in distilled water and allowed to dry in a sterile 
chamber before they were inoculated. Preparatory to inoculation, quarter- 
inch holes about f in. deep were made with a cork borer. The plug was 
lifted out and a small amount of mycelium from a week-old culture of 
Botrytis grown on potato-dextrose agar was introduced into the opening 
and the plug was replaced. Usually 10 inoculated tubers and two controls 

3 Eamsey, G. B. Fruit and vegetable diseases on tlie Chicago market in 1938. U. S. 
Dept. Agr. Bur. Plant Ind., PI. Dis. Bptr. Bup. 114, p. 34, 1939. 
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Eig. 1. A. Bliss Triiimpli tuber, affected with botrytis rot, showing mycelium and 
spores that bad developed during transit. B. Section through tuber A showing the ex- 
tensive development of brown, semi-watery decay. C. Wet type of botrytis rot shomng 
wrinkling of skin and growth of mycelium and spores through breaks in the skin. i). Jjiy 
type of botrytis rot showing sunken spots and areas and scanty development of mycelium. 

were placed in a moist chamber containing a small dish of water to insure 
high humidity. One set of inoculations of this kind was held at room tem- 
perature averaging near 70° F., and a similar set was placed under refrig- 
eration at 40° F. Two or more tubers of each set were cut at weekly inter- 
vals to cheek on the development of internal decay. Unless otherwise 
specified the following notes on the development of decay represent a sum- 
mary of the results obtained from many experiments. 

Many inoculation tests were made in which slightly immature and well- 
matured Irish Cobbler and Bliss Triumph potatoes were used. Under con- 
ditions favorable for infection by Botrytis, tubers of whatever stage of 
Tnatnritv seemed eouallv subiect to decay. Of the inoculations made at 
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70° F., less than 5 per cent indneed infection. The resultant rot was brown, 
moderately firm, and resembled some of the Botrytis lesions of the dry type 
found in the cars of California potatoes. In the few instances when decay 
occurred at 70°, it seldom extended deeper than J to -I in. in a month. 

In contrast .to the inoculation experiments conducted at 70° F., most of 
those tried at 40° gave positive results. Often there was little external 
evidence of tuber infection at the end of a week, but cut specimens showed 
decay xV to i in. deep in that time. After 2 weeks many lesions were | in. 
deep and approximately the same diameter on the surface. By the end of a 
month many lesions were about 1 in. in diameter and f to 1 in. deep. The 
decay was light-brown, moderately soft and w^atery, like the wet type of 
Botrytis rot noted in the California potatoes. 

To test the possibility of wound infection of potato tubers by Botrytis 
spores, 24 Bliss Triumph tubers were sterilized and rinsed as described above 
and then shaken together with a rough block of wood in a sterile container 
until all were bruised and scuffed. Bight were then removed for controls, 
and the remaining 16 were sprayed with Botrytis spores suspended in sterile 
water. Eight of these and 4 controls were held in a moist chamber at 
70° F. The remaining 8 inoculated tubers and 4 controls were kept in a 
moist chamber in the refrigerator at 40° F. Considerable grayish-brown 
surface mycelium and some spores developed on the most severely injured 
areas of the tubers held at 70°, but no decay of internal tissues was observed 
within a month. The lot held at 40° showed a development of white surface 
mycelium, but no spores. At the end of a month 3 of these tubers showed 
one or more watery, brown lesions i to 1 in. in diameter and about f in. 
deep. Isolations from these lesions yielded pure cultures of Botrytis 
cinerea. ^ One control tuber at 70° developed Fusarium rot and another bac- 
terial soft rot. The remaining controls showed no decay. 

Since typical Botrytis rot was easily obtained when inoculated potato 
tubers were placed immediately at 40° F., it seemed desirable to test the 
effect of delayed storage upon the development of decay in inoculated stock. 
Consequently, one set of tubers was inoculated with mycelium in the usual 
manner and held 3 days at 70°, then stored at 40° F. A similar set was 
held continuously at 70°. On examination of half of each set after two 
weeks, it was found that none of those held at 70° showed decay. The 
tissues injured by inoculation were well suberized, and there w^as an exten- 
sive development of wound periderm underneath. The tubers held at 40° 
showed a moderately soft decay about i in. deep. The cells at the inocula- 
tion wound were suberized but only slight traces of wound periderm had 
developed. 

One month after inoculation the remaining half of each ^et of tubers was 
cut. Those held at 70° P. showed no decay, but an abundant development of 
grayish-brown surface mycelium growing on the injured cells at the point 
of inoculation. Those held at 40° showed a slight amount of white surface 
mycelium about the point of inoculation and a light-brown, watery decay 
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penetrating J in. into the tubers. This experiment indicates that at 70® 
there is not enough wound cork formed within 3 days to prevent infection by 
Boirytis and subsequent decay, provided the temperature and humidity 
are favorable for the fungus and unfavorable for wound-periderm forma- 
tion. 

Artschwager (1) and others have shown that wound-periderm formation 
ill potato tubers is greatly influenced by temperature and humidity. Under 
conditions of high humidity, the rate of suberization and wound-cork f orma- 
tion is determined by temperature. In several tests with inoculated potatoes 
held at 40 and 70° P., the control tubers were examined microscopically to 
determine the amount of suberization and wound-cork formation at the 
wounds. Wounded tubers, held in high humidity at 70°, showed suberiza- 
tion of the surface cells and wound-periderm formation within 3 days, 
whereas those held at 40° P. showed only slight suberization and no develop- 
ment of wound periderm within a month. This no doubt explains for the 
most part the differences noted in the amount of infection and subsequent 
decay caused by Boirytis under the conditions of the inoculation experi- 
ments described. It also indicates that the California potatoes, badly 
affected with gray-mold rot on the market, probably were harvested under 
conditions favoring wound infection by Boirytis^ and that wound-periderm 
formation was inhibited by the cold-storage temperature to which this stock 
was subjected shortly after harvesting. 

No species ot Sclerotina have yet been observed to cause tuber decay in 
field, storage, or market. However, because of the fact that a member of 
the genus Sclerotinia hdiS been shown to be the perfect stage of Boirytis 
cinerea (5) and that botrytis rot has already occurred as an important 
storage and transit disease of potatoes, it seemed desirable to investigate 
the possibility of Scleroiinia spp. becoming potato-tuber pathogens. 

Sclerotinia stem rot and wilt has been found seriously affecting potato 
plants in Ireland (7), Canada (6), and the United States (3), but in no 
instance has a tuber rot been reported. Although Eddins (3) reported as 
.high as 70 per cent of the plants killed by S. scleroiiorum in some 
potato fields in Plorida, he found no evidence of the tuber decay caused 
by this organism. Several years ago the writer (10) 'conducted extensive 
inoculation experiments ^iih 8. scleroiiorum^ 8, iniermedia Ramsey, and 
8, minor dagger. At that time most of the common market vegetables were 
found to be susceptible to infection by these species. Notable exceptions 
were the potato tuber, the onion bulb, and in most instances beet roots. At 
no time was there any evidence of decay of potato tubers inoculated with 
any of these organisms. This led to the conclusion that the potato tuber is 
highly resistant to infection. In this connection, however, it is interesting- 
to note that in reporting some inoculation studies with a strain of Scleroiinia- 
isolated from sunflowers, Bisby (2) stated that ''considerable rot was pro- 
duced upon potato tubers. ’^ He did not describe the decay or state under- 
what conditions the experiments were conducted. 
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After finding that Botrytis cwierea, introduced through wounds, would 
cause an extensive decay of potato tubers under appropriate moisture and 
temperature conditions, it was decided to test the pathogenicity of Sclero- 
tinia species to potato tubers under the same conditions used in the tests 
with Botrytis, 

In the many experiments conducted at 40° P. Sclerotinia sclerotiortim 
induced no infection, and less than 25 per cent of the inoculations caused 



infection when the tubers were held at 70°. 8. minor usually was strongly 
pathogenic to the tubers held at 70°, often showing near 100 per cent infec- 
tion, whereas the tubers held at 40° rarely showed any decay, although in a 
few experiments 15 to 25 per cent became infected. In tests with 8. inter- 
media, high percentage of infection was always obtained at 40°. Ordi- 


PiG-. 2. A. Bliss Triumph tuber iaoeulated with Sclerotinia intermedia and held at 
40° F, for one month. Note the bleaching of the skin about the inoculation wound and 
the slight wrinkling indicating the extent of the decay underneath. B. Section through 
a tuber similar to A. The white, watery decay is characteristic for S, intermedia at 40° 
B. ^ C. Mycelium and sclerotia of S. intermedia developed in a week at 70° F. after a 
lesion similar to B had developed at 40° F. D. A Bliss Triumph tuber completely de- 
cayed by S. intermedia within two months at 40° F. Note the extremely large sclerotia 
that develop at this temperature. 
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narily, more than 50 per cent of the inoeixlations resulted in decay at this 
temperature, whereas at 70° more than 90 per cent of the inoculations pro- 
duced no decay. In tests with Irish Cobbler, Eusset Burbank, and Bliss 
Triumph potatoes no differences in pathogenicity were noted. 

The decay of potatoes produced by each of the ScleroUnia s-pedes is 
watery and soft, as in other vegetables. In advanced stages of decay the 
tubers become leaky under pressure. In all stages the affected tissues are 
white and appear bleached lighter than the normal tissues of the tuber 
(Fig. 2, A, B). Even in advanced stages of decay when sclerotia have 
formed and the whole tuber is involved, only a light brown discoloration is 
produced, and there is no odor (Fig. 2, C, D). 

Many inoculation experiments were conducted at the potato-storage tem- 
perature of 40° F., since it seemed likely that if Scleroiima species ever 
became serious as potato-tuber pathogens, it would be when contaminated 
tubers are placed in cool storage, as in the case of botrytis tuber rot. Potato 
tubers inoculated with Sclerotinia intermedia and placed immediately at 40° 
usually showed 50 to 75 per cent decay after a week. On an average the 
penetration of the tuber issues was about | in. in 1 week, ^ in. in 2 weeks, 
I in. in 3 weeks and 1 in. in a month. In the few instances when 8, minor 
proved pathogenic at 40°, the depth of penetration did not exceed ^ in. per 
month. 8. sclerotiornm never gave positive results in any of the inoeulation 
tests at 40° F. 

As a check against the inoculation experiments conducted at 40°, a cor- 
responding number of experiments were tried at 70° F. In these Scleroiima 
minor proved by far the strongest pathogen. In many experiments the 
infections ranged from 47 to 100 per cent. A moderately rapid develop- 
ment of decay occurred at 70°, and there was extensive development of 
mycelium and sclerotia about the point of inoculation within 2 weeks. The 
characteristic white, watery decay penetrated into the tuber about an inch 
in two weeks. 

Inoculations with Sclerotinia sclerotiornm and 8. intermedia seldom 
resulted in the production of decay in potato tubers held at 70° F. In 
most instances less than 10 per cent of them resulted in the disease; several 
inoculations were fruitless. This indicates that under moderate tempera- 
ture and humidity conditions neither of these two species is likely to become 
pathogenetically important to the potato. However, it is possible that 
under moderate temperature and high humidity at harvest time wounded 
tubers may become infected with /S. mmor and develop decay during transit 
and marketing. Moreover, if such infected stock be placed in cool storage, 
the decay will progress at 40° F. This was shown experimentally by hold- 
ing tubers at 70° for 2 days following their inoculation with 8 . minor and 
storage for 2 weeks at 40°. A high percentage of decay was produced 
under those circumstances. In a few instances inoculations made with 8. 
intermedia eiho resulted in decay under the conditions just mentioned. 

Previous investigations (9, 10) have shown that each of the 3 species of 
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under consideration can grow continuously at 32° on potato- 
dextrose agar, and that Sclerotinia intermedia develops more rapidly at this 
temperature than do the other two species. The ability of this species to 
cause infection and decay of potato tubers at low temperature is shown by 
the following experiment in which the tubers were inoculated in the usual 
manner with the 3 species of Sclerotinia^ and then were placed immediately 
at 32°. Two weeks later the tubers showed that more than half the inocula- 
tions with S, intermedia were positive. The typical white, watery decay 
had developed an average of i in. from the edge of the inoculation wound. 
Neither 8, sclerotiorum nor 8. minor caused any decay at this temperature. 

The experimental evidence indicates that quick suberization of cells and 
development of wound periderm at 70° P. in injured potato tubers usually 
is an effective barrier to penetration by Sclerotinia sclerotiorum and 8. 
intermedia^ but not by 8. minor. The differences in pathogenicity noted at 
70° are no doubt associated to some extent with the rate at which these fungi 
grow ; but that this is not the complete explanation is indicated by the fact 
that although 8 . sclerotiorum and 8 . minor grow at approximately the same 
rate on potato-dextrose agar at 70°, 8. minor is pathogenic to potato tubers 
more than 3 times as often as 8. sclerotiorum. Furthermore, 8 . intermedia 
causes infection of potatoes held at 70° almost as often as does 8, sclero- 
tiorum, but on potato-dextrose agar it grows at about half the rate of the 
latter species at that temperature. In the experiments conducted at 40° in 
which only slight suberization but no wound-periderm formation was in- 
volved, 8- intermedia was the only species that consistently caused decay. 
At 40° this species grows almost twice as fast on potato-dextrose agar as 
either of the other species. 

Prom a practical standpoint it seems probable that Sclerotinia minor is 
the only one of these three species of Sclerotinia that might become of eco- 
nomic importance on potatoes harvested and handled under ordinary condi- 
tions. Although this fungus is rather widely distributed, it is not so common 
as 8 . sclerotiorum. The latter species is present in almost all vegetable- 
growing regions. However, the fact that it has not been reported as a potato 
tuber-rotting organism, even in fields where most of the plants were severely 
affected, indicates that it is not strongly pathogenic to the tubers, and all of 
the experiments reported herein point to the same conclusion. 

The distribution of Sclerotinia intermedia is not known, but apparently 
it is limited, and, insofar as can be determined now, the fungus is not likely 
to become an important potato-tuber pathogen. Furthermore, Eddins (3) 
has shown that this species appears unable to parasitize potato plants, 
whereas both 8. sclerotiorum and 8, mmor cause a severe stalk rot and wilt 
of growing potato plants. 

SUMMARY AND CONCLUSIONS 

Botrytis tuber rot (gray-mold rot) has been reported as a storage disease 
of Maine potatoes following stem-end infections. A similar rot is here 
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reported as a serious market disease observed in a shipment of California 
potatoes, following infection at wounds. . 

A Botrytis of the cinerea type was isolated from many tubers in two 
carloads of Bliss Triumph potatoes showing a semi-watery, brown, odorless 
decay. 'Wonnd-inoenlation experiments show this organism strongly patho- 
genic to potato tubers held at 40° F. in high humidity. Similar experiments 
conducted at 70° seldom resulted in the production of decay, thus indicating 
that suberization and wound-periderm formation usually take place soon 
enough at 70° to be an effective barrier to invasion by this fungus. How- 
ever, inoculated tubers held at 70° for 3 days and then stored at 40° devel- 
oped extensive decay. This shows that not enough wound periderm is 
formed within 3 days at 70° to prevent infection and subsequent decay, if 
low temperature inhibits further- development of wound periderm. 

Freshly wounded tubers sprayed with Botrytis spores suspended in 
sterile water developed the characteristic watery, brown decay when stored 
at 40° F., but no decay occurred in tubers held at 70°, although there was 
an abundant growth of mycelium over the most severely injured areas. 

Since Groves and Drayton (5) have shown that Botrytis cinerea has a 
Sclerotmia stage, it seemed desirable to test whether species of the latter 
genus are pathogenic to potato tubers. In wound inoculation tests with 
Sclerotmia scler otioritm^ tuhevs, held at 70° in high humidity, developed 
decay in comparatively few instances. Similar experiments with S, inter- 
media also usually resulted in few infections, but most tubers inoculated 
with S. minor developed extensive decay within 2 weeks. 

In inoculation experiments conducted with potato tubers at 40° F. under 
high humidity Sclerotmia sclerotiorum did not produce rot, and S. minor 
caused rot only rarely, whereas S. intermedia usually caused an extensive 
white, watery soft rot. 

Bliss Triumph potatoes inoculated with Sclerotinia intermedia and 
stored immediately at 32° F. developed decay within 2 weeks. Neither 
S, sclerotiorum nor S. minor caused decay at that temperature. 

Experimental evidence indicates that under the usual harvesting and 
handling j^TaetiGes Sclerotinia minor could become important as a cause of 
tuber rot. If wounded potatoes contaminated with S. intermedia were 
placed immediately in refrigerated storage or common storage near 40°, 
this organism also would be able to cause extensive decay. S, sclerotiorum, 
the most common and widely distributed species of Sclerotinia, appears least 
likely to cause potato tuber rot. 

A microscopic study of the wounds in control tubers held at 40° F. in 
high humidity showed that some suberization had taken place but that no 
wound periderm had formed within a month. Similar wounded control 
tubers kept at 70° in high humidity showed extensive suberization and 
wound-periderm formation within 3 days. This suggests that the danger 
of decay resulting from wound infections hy Botrytis or Sclerotmia species 
may be reduced greatly by holding potatoes at moderate temperature and 
humidity for 3 days or more after harvesting. 
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Under conditions favoring the development of decay, Bliss Triumph and 
Irish Cobbler tubers were equally susceptible to infection by the species of 
Botrytis and Sclerotinia tested. 

Barnes Laboratory, University of Chicago, Chicago, III. 
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A PHOTOELECTRIC METHOD AND ITS USE FOR DETERMINA- 
TION OF FUNGUS GROWTH RATES^ 

L. A. Adair and Elizabeth Jane Moore 
(Accepted for publication September 11, 1940) 

In the course of physiological studies it frequently becomes necessary to 
use colony growth as a criterion of the effects of experimental conditions or 
a particular medium. The most widely accepted method is the gravimetric 
determination of the net increase in synthesized dry matter. The method is 
slow and laborious, the accuracy depending upon the sensitivity of the bal- 
ance used and on the care with which the necessary manipulations, such as 
drying and weighing, are carried out. The method is, in general, applicable 
to cultures in liquid media in which many fungi do not grow well. 

Growth also may be estimated by means of measurements made with the 
micrometer and the mechanical stage (5). This method is slow, and its 
accuracy depends largely upon the skill of the operator. Usually, an entire 
hyphal system cannot be followed and the tips requiring measurements are 
at different angles with the plane of the microscope stage, resulting in 
errors of measurement, corrections for which are impracticable. The indi- 
vidual hyphae measured must be assumed to be representative and the 
growth of the colony considered similar. 

By the substitution of a photoelectric system many of these disadvan- 
tages can be eliminated and others greatly reduced. The colony can be con- 
sidered as a whole, taking into account growth in 3 dimensions in a given 
period of time. The number of determinations possible in a day ^s time can 
be greatly increased. Agar media, as well as broth, can be used. 

1 Contribution from The Clayton Foundation for Research. 
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In the photoelectric method it is desirable to have a reference standard 
to which the unknown colony can be compared. In order to obtain this, and 
at the same time establish electrical stability of the instrnmeiit (3), a bal- 
anced double-cell system has been used, one being employed as a constant 
reference cell and the other acting to compare the unknown against this 
standard. 



As shown in the circuit diagram (Fig. 1), the 2 photocells have been 
substituted in 2 legs of a wheatstone bridge and a 4-megohm load resistance 
inserted in the place of the conventional galvanometer (2 and 6). A slight 
unbalance of the bridge will cause a relatively high voltage drop to appear 
across this 4-megohm resistor, this voltage being proportional to the amount 
of unbalance existing in the bridge. Variation in intensity of the source of 
light, due to any external factors, is rendered negligible by the fact that the 
system is maintained in an essentially balanced condition with the lamps on 
the same circuit and subject to same fluctuations in current. 

The voltage drop produced across the load resistor is applied as a bias 
to the grid of the preamplifier tube. This tube is directly coupled into the 
grid of an output tube in a conventional D.C. amplifier circuit. A 0-10 
milliampere meter is placed in the plate circuit of the output tube and the 
readings obtained in this manner reflect the condition existing in the mea- 
suring bridge (1). By the use of a 2-stage D.C. amplifier in conjunction 
with the bridge-circuit input, it is possible to adjust the constants of the 
circuit to expand or coinpi^ess the scale of readings wherever desired, giving 
the greatest accuracy within the regions of most interest and relegating the 
remainder to a small portion of the entire meter scale. In this instance it 
was found desirable to include a selective shunt across the meter coil in 
order that large colonies might be read easily and at the same time protect 
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the meter from prolonged overloads. While the shunt is in the circuit the 
readings of the meter are multiplied by the factor 2. 

The entire instrument is operated from a conventional regulated power 
supply consisting of a voltage doubler, filter, and voltage-regulator tube. 



Fig. 2. Eelation between weight of fungus colony and j)hotoelectric-meter reading. 

Figure 2 is a calibration chart showing the close relation between the 
meter readings and the actual dry weight of the fungus colony. An error 
of approximately plus or minus 2 per cent should be expected within the 
range used, which is of small significance in the determination of resistance 
if the wide range of growth encountered is taken into consideration. It 
might be further noted at this point that the variation in weight to produce 
this error is in the order of a few micrograms, in itself beyond the accuracy 
of the average gravimetric determination. 

In the course of work carried on in the University of Texas laboratory 
it became necessary to measure the susceptibility and resistance of indi- 
vidual cotton plants to the root-rot organism, Phymaiotrichiim omnivonim 
(4) . For comparable values the growth of the fungus under standard con- 
ditions and on standard root-decoction media was employed. Since the 
project required the growth determinations on over 20,000 samples per 
year, none of the usual methods was practical, and this special photoelectric 
comparator was designed, constructed, and standardized. The instrument 
has been used with entire satisfaction for the past 3 years, readings indi- 
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eating the difference between 2 entire colonies or between inoculnm and the 
colonies developing from such inoenla. The readings correct for the color 
of the medium and for the fnngns added originally as inoculnm. 

In the present study liquid media were used, standard inoenla being 
made from liquid cultures. The method is as follows: The mature root 
system was washed, dried, and ground to pass a 20-mesh screen. The 
medium contained 2 per cent dried ground root in 1 per cent dextrose. Ex- 
traction is accomplished by steeping in the autoclave for 20 minutes at 15 lb. 
steam i)ressure. The medium is filtered, divided, and inoculated whth stand- 
ard inocula of the root-rot organism. Since, with the cotton root-rot organ- 
ism, no viable spores are available, disks cut from a uniform mat of vegetative 
hyphae by means of a sterile paper punch furnish the inoculation material. 
Controls of 1 per cent dextrose are included in each day’s run. After incu- 
bation at 30° C. (which is near optimum temperature for this fungus) for 
72 hours the colonies produced are carefully removed, placed on a slide, 
blotted to remove excess moisture, and placed under the unknown side of 
the instrument. The amount of growth is then indicated on the meter. The 
readings for a given root are averaged and divided by the average reading 
secured for the controls for that particular day. The empirical figure 
obtained is a means to show proportionality and represents growth rate 
acceleration or retardation. The amount of growth of the root-rot fungus 
in the presence of the water-soluble constituents of an individual cotton 
root is taken as a criterion of the relative resistance or susceptibilty of that 
plant to the attack of the fungus under field conditions. Growth accelera- 
tion is assumed to be proportional to susceptibility to the disease ; retarda- 
tion of growth in turn indicates resistance. These figures form a basis for 
selection of plants showing the greatest degree of resistance and are those 
chosen for subsequent propagation. Self ed seeds of these selected individ- 
uals are used for plantings. 


CONCLUSIONS 

The photoelectric method used for determining the amount of growth 
produced by the root-rot fungus under standard conditions is an accurate 
and speedy method. We average 400 observations or more a day, or at the 
rate of 150 observations per hour. 

The readings secured by this method correlate closely with gravimetric 
methods for larger colonies ; for smaller colonies the photoelectric method 
surpasses in accuracy. 

This method reduces to a minimum the variable factors met with in other 
techniques. 

The University of Texas,- 

Cotton Root-rot Investigation and Kesearch, 

Department of Botany and Bacteriology, 

Austin, Texas. 
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FIELD TESTS OF THE RESISTANCE OP COTTON TO PHYMATO- 
TRICHUM OMNIVORUM^ 

G. W. Goldsmith and Elizabeth Jane Moore 
(Accepted for publication September 23, 1940) 

INTRODUCTION 

Resistance to bacterial and fungus diseases is well known to constitute 
a genetic character in many instances. Prom the work on wheat rusts it is 
obvious that in this case resistance is Mendelian (1 and 3), but that various 
physiological strains of rusts, varieties of host plants, and environmental 
conditions greatly complicate the picture. 

Studies on the Phymatotrichum root rot of cotton have shown that all 
varieties of cotton are susceptible in the field if conditions are favorable for 
the disease, but have given no evidence to indicate that the fungus occurs in 
physiologic strains with different degrees of virulence or aggressiveness. 

A wide variety of susceptible hosts is known, while the monocots are 
immune under ordinary field conditions (9). Resistance seems attributable 
to water-soluble thermostable materials present in the roots in varying 
amounts in plants not susceptible to the disease (4, 6, and 7). 

It would seem probable that low degrees of resistance, if present in cot- 
tons, would be difBcult to detect in the field, because of the great variability 
in attack shown by the root-rot fungus. It would seem probable also, since 
the various species of cotton have survived in a wild or semi-wild state in 
the same general region in which the root rot is endemic, that some degree of 
resistance has arisen, at least in this group. 

Several workers have noted the differences in growth obtained with 
pathogens growing in extracts of roots of susceptible varieties as opposed 
to the reduced growth maintained by the pathogen on extracts from immune 
varieties (5 and 8). It has been found in this laboratory that standard 
cotton-root decoctions are suitable in different degrees for the growth of the 
root-rot fungus under standard and constant conditions (2). Decoction 
media made from immune plants retard or fail to support growth of Phy- 
matotriohumy while similar decoction media made from susceptible species 
support abundant growth. Since no completely resistant varieties of cotton 
are known, we have no breeding stock by the use of which immune and 

1 The Clayton Foundation for Research. 
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desirable strains can be developed by the usual methods. If some degree 
of resistance exists in cotton and can be recognized, progress may be expected 
by the method of selection and selfing because of the frequent cross pollina- 
tion occurring in cotton. 

methods 

♦ 

1938 . In the summer of 1936, variety plats were established near Austin 
in which all plants were self ed and selections for subsequent plantings were 
based on individual growth-rate tests of the root-rot fungus under standard 
conditions on root decoctions of similar concentrations. Selections were 
made in this way in 1936 and 1937 and the resulting selfed seed was planted 
in 1938 in an area of Houston black-clay soil that had shown approximately 
80 per cent kill from root rot for the two preceding years. 

The test plot was planted in randomized plats totalling 3,000 row feet, 
and included selections of some 28 varieties. Treatment was identical with 
that of the adjoining farm field; no fertilizer was applied, little or no thin- 
ning was carried out, and 3 cultivations were made. Plants were counted 
at 10-day intervals and all dead plants cut off at the soil surface in order to 
insure maximum infestation and avoid errors in counting. As a control 
4,000 plants taken in areas selected at random on opposite sides of the test 
plot in the adjoining field of Kasch cotton w^ere used. 

During the season all flowers were selfed, and the selfed seed was har- 
vested at the end of the season, along with the root systems of all surviving 
plants. These root systems furnished the material for individual growth- 
rate tests, the results of w’^hich furnished data for selections of individuals 
to be planted the following season. 

RESULTS 

1938 . The results are given in table 1 in terms of percentage kill. For 
obvious reasons these results are greatly condensed (Footnote, Table 1). 
Only the final kill was recorded for the control. During the season the total 
kill in the unselected Kasch cotton was 72 per cent, while that for all the 
selected progeny was 57.5 per cent. Thus, 2 years of selections, based on 
laboratory growth-rate tests alone, resulted in a reduction in kill of 24.5 per 
cent. Considering the results of all selected individuals as given in table 1, 
the final kill at the end of the season has a standard-deviation value of 18.4 
per cent. When we compare this with the reduction figure of 24.5 per cent 
the result seems significant. 

Comparison of the varieties under selection with the nonselected Kasch 
(Table 1) shows a marked improvement in some of them; a thing to be ex- 
pected if we assume that some varieties contain no resistance in the genetic 
complex, while others do. The most promising varieties, results of which 
are statistically significant, are: Cluster Durango-Wacona, Texas Special, 
Acala, Harper, Native Hopi, Barberton, Stoneville, and Dixie Triumph. 
These are obviously the varieties which should be subjected to further 
selection, breeding, and field tests. 



TABLE 1— Summary of MU in root-rot area in 1938 {Kimbro, Texas) 
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TABLE 2 . — Summary of Idll in root-rot areas in 19S9 {KimbrOj Texas) 
Selected selfed varieties (Total Wo. plants BiQ8) 
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METHODS 

1939. The methods used in 1939 were identical with those of 1938/ 
except for the fact that 2 neighboring plots were used giving a total of 
10,000 row feet. Both plots were located, as in 1938, in heavily infested 
areas showing a kill of about 80 per cent for several preceding seasons. Con- 
trols were sections of nonselected cotton chosen at random from the farm 
fields adjoining the test plots and also plats of nonselected varieties carried 
within the randomized planting. 


RESULTS 

1939. The condensed results are given in tables 2, 3, and 4. The 
weighted mean kill for all nonselected plants, including both those in the 
open field and the varieties included in the randomized plots, is 72.5 per cent 
(Table 4). The values obtained in the randomized plots and in the adjoin- 
ing farm field were similar, being 70.5 per cent kill in the first group and 
74.5 per cent in the second. In comparison with this the mean for all selected 
varieties, which in 1939 represented the third selection based on the fungus 
growth rates, is 46.2 per cent kill. This is a reduction of 26.3 per cent as 
the apparent result of 3 years selection on the 36 varieties listed in table 2. 
The standard deviation, 16.8 for the selected varieties, indicates that the 
reduction of 26.3 per cent below the average percentage kill of nonselected 
varieties is significant. 

If w^e consider only these 44 varieties tested in 1938 and again in 1939 
(Table 2) there appears a value for the total kill 19.33 less in 1939 than in 
1938. It would thus appear that the selection of 1938 reduced the percent- 
age kill by 19.33. A similar comparison of the kill of nonselected Kasch in 
1938 and 1939 (Tables 1 and 4) shows no significant difference; no apparent 
progress was made by selection in the Kasch variety. Of the varieties sho-w- 
ing minimum values in 1938, 3 reappear in 1939, namely, Native Hopi, 
Harper, and Barberton. The progress obtained by the 1938 selection, as 
shown by the difference in the final kill of 1938 and 1939, is highly variable 
probably because of the small numbers of plants used. Of the 24 varieties 
tested during both seasons, 19 showed varying progress toward increased 
resistance and 5 negative results. In this favorable group Hopi seems most 
promising, in view of the high resistance and response to selection. 

In general, the kill in the various replications of a single selection are 
consistent. 

The Fz hybrids, the results of which are given in table 3, have an average 
mean kill of 43.6 per cent. There is no significant difference between this 
value and that obtained for the selfed-variety group (Table 2) , 44.9 per cent, 
since tlie standard deviation is 2.88. If the values obtained for each selfed 
variety and for each hybrid progeny are considered individually, it will be 
seen that the selfed group showed but one result of 20 or more below the 
mean; that is, 2.8 per cent of the group showed relatively high resistance. 
In comparison with this the hybrids showed 7, or 10.8 per cent, of the 
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group with these low values. When it is remembered that the Ps hybrid 
generation has been subjected to but one selection based on the fungus 
growth rate, it is obvious that these hybrids proved to be better material for 
selection than the selfed varieties. This result might be expected, if we are 
dealing with the Mendelian characters. 

In order to estimate the progress made in a single variety, comparisons 
may be made between the percentage kill in selected and nonselected repre- 
sentatives of the same variety. In 1939, after 3 selections, the final percent- 
age kill for Acala varieties was: selected 48.9, nonselected 94.9; Delfos, 
selected 60.5, nonselected 67.6; Stoneville, selected 46.4, nonselected 55.8^; 
Dixie Triumph, selected 40.0, nonselected 44.7^; and Sudan, selected 34.9, 
nonselected 58.4. 

The results obtained in the nonselected groups are shown in table 4. The 
average for varieties used in the randomized plots was 70.5 per cent, and 
that obtained in the adjoining field areas of nonselected cotton was 74.5 per 
cent. Since the standard deviation is 15.38 the difference is not significant 
and it appears that the controls in the field were as satisfactory as those in 
the randomized plots. It further indicates that the investigation of that 
particular season was comparable in the two areas. 

Figure 1 shows graphically the 2 years’ results. The average kill of the 



- Supplied courtesy Dr. L. M. Blank, Dept. Agr., from data obtained simultaneously 
and in the same field, ® ^ 
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nonseleeted cotton was comparable both years. The average kill in the 
selected varieties shows a marked improvement from 1938 to 1939, or a reduc- 
tion in kill of 26.3 per cent. 

conclusions 

By means of selection based on the fungus growth rates, resistance of 
cotton to root rot has been tested in the field during the past two seasons. 
Selection has produced a definite increase in resistance. Resistance in some 
degree exists in many varieties of cotton. If these various degrees of resis- 
tance are evaluated by laboratory tests, selection brings about a general aver- 
age increase in this character ; but this effect varies in degree with different 
varieties, among which Native Hopi and Sudan are most promising. This 
method of selection and testing in the field produces, in general, maximum 
results when P 2 hybrids are employed. 

Clayton Foundation for Research, 

Cotton Root-rot Investigation and Research, 

The University of Texas, 

Austin, Texas. 
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VEIN CLEARING, A TRANSMISSIBLE DISEASE OF PRUNUS^ 

S. M. Zeller and A. V7. Evanss 
(Accepted for publication October 1, 1940) 

A new virosis of Prunus has been discovered in Oregon. It occurs widely 
in this State, and specimens have been received from one location in Wash- 
ington. This disease was first observed in the summer of 1936. 

1 Published as Technical Paper No. 357, with the approval of the Director of the 
Oregon Agricultural Experiment Station. Contribution from the Department of Botany. 

2 The authors wish to express their appreciation for the kind cooperation of Messrs. 
Walter Clore and J. D. Menzies of the Irrigation Branch Experiment Station, Prosser, 
Washington. They have furnished diseased scion-wood used in some of the grafting ex- 
periments, and also sent pressed leaves and invaluable field notes. 
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It affects in particular several varieties of cherries. Very similar symp- 
toms are found on Italian prune. Among the ornamental flowering cherries, 
like symptoms have been found on 6 varieties of Prunus serrulata, while 
varieties of P. yedoensis, P. sieUldii, and P. siilMrtella do not show symp- 
toms. J. A. Milbrath first discovered the disease on flowering cherry, par- 
ticularly in the Kwanzan variety. 

Among orchard cherries the disease is confined to black varieties of 
sweet cherry {Pntnus avium). It affects Bing, Black Eepubliean, and 
Lambert varieties. 

Orchard cherry trees in which the disease is not very far advanced, make 
nearly a normal growth. Trees in which infection is of several years’ stand- 
ing show considerable dwarfing. Those, apparently recently infected, may 
show only slight symptoms of the disease. Such symptoms usually will be 
confined to a few diseased spurs or to one branch. The disease is expressed 
through rather definite symptoms of foliage, branches, and fruit. 

LEAF SYMPTOMS 

The first apparent symptoms are in the leaves. The veins are cleared 
throughout a leaf or only in localized areas. The leaf pattern is extremely 
variable and always accompanied by veimclearing. In most varieties of 
cherries the margins of the leaf are made irregular, usually the deeper 
indentations occurring adjacent to the more concentrated vein-clearing. 
(PL I.) At times whole portions of the leaf are absent, either on the mar- 
gins or within the leaf blades. In the latter ease two conditions arise. In 
one condition the mesophyll is greatly lacking and, conversely, the cleared 
veins are concentrated. In the other the leaf tissues are wanting, some- 
times as a marginal indentation extending nearly to the midvein of the leaf 
and bounded above and below by main lateral pinnate veins, or sometimes, 
within the blade of the leaf as elongate, elliptic, or slot-like perforations. 
All of these conditions usually result in narrower than normal leaves. 

Bnations in the form of small blistered proliferations along the under 
side of the main veins are sometimes found. This feature was observed as 
an early current-season symptom. 

Whereas vein clearing in the leaves is the chief symptom noticeable by 
transmitted light, there is a characteristic silvering of the upper surface 
shown by reflected light. The silvering of the surface is more intense over 
the areas of concentrated veins showing clearing. This might be evidence 
of the liberation of pectases in these areas or, perchance, the middle lamellae 
did not form under the pathological conditions existing at these foci of 
intensified symptoms. 

By midsummer the leaves of diseased trees droop more than normally, 
presenting a somewhat wilted appearance. This appearance is exaggerated 
by the grayness or silvery condition of affected leaves, and the fact that in 
some varieties, as the Bing, the leaves are distinctly folded along the mid- 
vein. 
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STEM SYMPTOMS 

Cherry trees that have been affected with vein clearing for some time 
show a tmdeney to dwarf and rosette. The latter is brought about by a 
shortness in the internodes and an increased number of buds, spurs, or short 
branches at the nodes. This tendency is not evenly distributed over a tree, 
and, in the branches showing any rosetting, the proliferation is most pro- 
nounced at the end of the year-old wood. In a like disease affecting flower- 
ing cherries this condition is very pronounced in certain varieties. 

FRUIT SYMPTOMS 

Orchard trees in early stages of vein clearing may not show any notice- 
able malformation of fruit. In trees in which the disease is more advanced, 
the fruit is misshapen and reduced in size. Cherries are very pointed, flat- 
tened on the suture side, and may have a swollen ridge along the suture. 
Black Republican fruit shows little if any malformation. Advanced stages 
of the disease in the Lambert variety yield an over-abundance of blossoms, 
but affected trees seldom produce a normal crop of fruit. In trees of this 
variety in which the infection has been long-standing, fruitfulness is almost 
entirely wanting, even though there may be an over-abundance of flowers. 

Experiments with this disease are under way, but results so far obtained 
in the greenhouse indicate that it is graft-transmitted and graft-perpetu- 
ated. Three trees each of Bing, Lambert, and Napoleon varieties of Prunus 
avimn were grafted on February 17, 1940, and, on June 8, vein clearing was 
beginning to appear in leaves near the tip of two of the Lambert trees. This 
had become more pronounced by June 27. The appearance of symptoms 
was within 2 feet of the lateral branch into which the diseased scion had been 
inserted. In all 9 cases symptoms were perpetuated in growth from the 
scions. 

No insect vector has been found for vein-clearing, but there are definite 
indications of natural inoculation and spread in orchards and nurseries. 

In a comparison of the disease with mottle leaf, it may be said that, while, 
in vein clearing, chlorosis is essentially confined to the vascular tissues of the 
leaves, in mottle leaf^ chlorosis is in the mesophyll along each side of the 
lateral pinnate veins but the veins remain dark. In the latter, chlorosis is 
much more prominent than in vein clearing. Abnormal indentation is 
somewhat similar in the two diseases but becomes much more severe in vein 
clearing. Perforation of leaves does not occur as a symptom of mottle leaf. 
Mottle leaf is very readily transmitted by budding or grafting. Even in 
eases where mere organic union of bud wood with stock took place and the 
buds failed to live, mottle leaf nevertheless was transmitted. 

In one instance a Bing cherry tree, known to have been infected with 
mottle leaf for several years, showed symptoms of vein clearing on one 
branch in the spring of 1939. By mid-summer in 1940 mottle leaf symp- 
toms were markedly suppressed and vein clearing was appearing in leaves 
Zellor, 8. M. Cherry mottle leaf. Oregon State Hort. Soc. Kept. 1934 : 92-95. 1934. 
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on most all parts of the tree. This indicates the possible predominance of 
vein clearing over mottle leaf in a case of double virus infection. 

As to varietal susceptibility to the two diseases, the yellow varieties, 
Long-stemmed Waterhouse and Napoleon, are most severely affected by 
mottle leaf, while vein clearing affects Lambert most severely. 

The common name ^‘vein clearing’’ is offered for this new disease, and, 
in the number system, Primus virus 7” may be assigned to mottle leaf, 
which, as a common name, has come into general usage in the Pacific North- 
west, and ^Trunus virus 8” to vein clearing. For those using Holmes’ 
nomenclature, vein clearing becomes Marmor nerviclarens and mottle leaf, 
M. cerasae, 

SUMMARY 

A graft-transmissible vein-clearing disease of Pnmus has been dis- 
covered in the Pacific Northwest. It is described as a new virosis affecting 
cherry and prune trees. No insect vector has been found. Symptoms of 
vein clearing and mottle-leaf diseases of cherry are briefly compared. 

Department of Botany, 

Oregon Agricultural Experiment Station, 

Corvallis, Oregon. 


THE BOBON-DEFICIENCY DISEASE OF GLOXINIA AND ITS 

CONTEOL^ 

P . A . A E K AND 0 . M . Tompkins 
(A ccepted for publication October 12, 1940) 

INTRODUCTION 

During the past 3 years, a serious disease of gloxinia (Sinningia speciosa 
Benth. and Hook.) has been prevalent in commercial glasshouses in the San 
Francisco Bay region and at Capitola, near Santa Cruz. Small to large 
seedlings in flats and transplanted seedlings in pots were affected, with losses 
frequently ranging from 50-76 per cent of the crop. 

Investigations were made to determine the cause and control of this 
disease, a brief report of which is presented herewith. 

SYMPTOMS OF THE DISEASE 

Initial symptoms of the disease on young seedlings consist of small, 
brownish-black, non-necrotic, irregularly shaped areas at or near the base 
of the leaf lamina. Within a few days, the discoloration spreads toward the 
tip of the leaf (Fig. 1) and downward into the crown of the plant. Simul- 
taneously, there is a marked loss in turgidity of the leaves. Frequently, the 
growing point of a plant is prematurely killed. Sometimes, however, seed- 
ling plants are not affected until after transplanting. On older affected 
plants in pots, the flowers and peduncles are considerably reduced in size 

1 Contribution from the Division of Plant Pathology, University of California, 
P>erkeley, California. 
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Fig. 1. Boron deficiency of Gloxinia (Sinningia speciosa). A. Diseased seedling, 
characterized by blackening of the leaf blades (from the base toward the tip) and 
petioles with marked loss of turgidity; B. Healthy seedling. 

and also appear wilted. Eventually, the aerial parts of the plant become 
brown and necrotic, and the plant dies. 

CAUSE OP THE DISEASE AND ITS CONTROL 

Tissue plantings from leaves, petioles, peduncles, and roots of affected 
plants were frequently made on agar plates in the laboratory, but with 
negative results. The agar plates remained sterile, indicating- that the 
causal agent of the disease was not an organism. 

Attention was then given to the medium in which the gloxinia plants 
were grown in the nurseries. This consists of a natural compost of forest 
soil, twigs and debris, and rat excrement, known locally as “ratsnest” and 
obtainable in or near the coast redwood forests. Most of the ratsnest used 
in commercial glasshouses is taken from the forests near Occidental, Marin 
County, a short distance north of San Francisco. Since it has already been 
shown that the orchard soils at Sebastopol, near Occidental, are deficient in 
available boron,= there was reason to believe that ratsnest might be similarly 
affected. 

Gloxinia seedling plants in various stages of the disease were taken 
I48_l4''’'’uun'^’’ Thomas. Apple diebaek in California. Phytopath. 30: 
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from a nursery in San Francisco to Berkeley for experimentation. To eack 
of 12 diseased plants contained in individual 4-in. clay pots, one application 
of a 6 per cent boric acid solution (making a concentration of B in tbe soil 
0.1 p.p.m.) was applied with a watering can. Controls consisted of tke same 
number of plants that were not treated. Within 2 weeks, newly developed 
leaves, petioles, peduncles, and flowers were normal in size and color, and 
all treated plants were well along toward complete recovery. As for the 
controls, the symptoms became more pronounced and, eventually, the plants 
died. 

In subsequent tests in several nurseries in San Francisco, a 6 per cent 
boric acid solution was applied to ratsnest in flats immediately after sowing 
the seed and at intervals of 2 weeks. Control flats were treated with regular 
tap water only. No disease developed in the treated flats in contrast to a 
high incidence of disease in the control flats. Similar tests were made with 
potted seedlings, with similar results. 

The evidence indicates that ratsnest as a culture medium is deficient in 
sufficient available boron needed for normal growth of gloxinia plants. 
This deficiency can be corrected by several applications of a 6 per cent 
solution of boric acid applied at intervals of 2 weeks. The cost of the treat- 
ment is negligible. 

A similar disease of slipperwort or pouch flower (Calceolaria lierleo- 
hybrida Voss) also occurs in glasshouses, when grown in ratsnest, and may 
be controlled by the same treatment. 

SUMMARY 

A serious disease of gloxinia occurs in glasshouses in the San Francisco 
Bay region and at Capitola. 

The symptoms of the disease consist of rapid blackening and wilting of 
the foliage and flowers, followed by drying and death of the plant. 

A similar disease has also been observed on slipperwort. 

The disease is caused by boron deficiency of ratsnest, the culture medium 
used for these plants, and may be readily controlled by several applications 
of a 6 per cent solution of boric acid, applied once every two weeks. 

Division op Plant Pathology, 

University OP California, 

Berkeley, California. 

PHYTOPATHOLOGICAL NOTES 

Incidence of Sclerotinia fnicticola and S. laxa on Sweet Cherries in 
Oregon} — In 1923 Barss^ reported from Oregon two species of brown-rot 
fungi, one causing the common American brown rot and producing abun- 
dant apothecia, the other found only in its conidial or monilioid form and 

1 Published with the approval of the Director of the Oregon Agricultural Experiment 
Station as Technical Paper No. 368, Department of Botany. 

2 Barss, H. P. Brown-rot and related diseases of stone fruits in Oregon. Ore. Agr. 
Exp. Stat. Oir. 53. 1923. 
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differing from the American brown-rot fungus strikingly in cultural charac- 
teristics. The former is now known as Sclerotinia fnicticola, the latter as 
S. laxa. Barss stated that 8. fructicola caused severe attacks of fruit rot 
on stone fruits, but might also cause blossom blight. He stated further 
that 8, laxa was primarily the cause of blossom and spur blight and twig 
cankers, but caused little rotting of fruits. 

In 1939 Hewitt and Leach^ reported the results of studies on these two 
species of Sclerotinia in California. They concluded that the brown rot 
reported in earlier publications on this disease in California consisted 
almost if not entirely of the form caused by 8. laxa^ and that 8. fnccticola 
probably has been introduced into that State in comparatively recent years. 
Prom surveys made to determine the distribution of these tw^o species in 
California they reached the conclusion that 8. laxa has a much wider dis- 
tribution than 8. fructicola and causes most of the^ blossom and twig blight 
of stone fruits, but also causes some fruit rot. On the other hand, serious 
rotting of fruit has occurred in localized areas in recent years and seems 
to be coordinated with the introduction of 8. fructicola into these areas. 

In Oregon, in the spring and summer of 1940, in connection with some 
spraying and dusting experiments for the control of coccomyces leaf spot 
and brown rot on cherries, an incidental study of the distribution of the 
two species of 8clerotima was made. Blighted blossoms and rotting fruits 


TABLE 1 . — Distribution of Sclerotinia fructicola and S, laxa on sweet cherries in 
certain counties of Oregon, in 1940 


Grower 

Host 

Cultures from blighted 
blossoms 

Cultures from rotten 
fruit 



8. fructicola 

S. laxa 

S. fructicola 

S. laxa 

A. C. JBerntzen 

Lane County 

Sweet cherry 

5 

0 

12 ' 1 

0 

Brunk Orchard 

Polk County 

do 

3 

3 

0 

0 

Ben Dorris 

Lane Co untv 

do 

3 

0 

0 

0 

South Farm, O.S.C. 
Benton County 

do 

0 

! 3, 

■ 

0 1 

0 

A. F. Fellows 
Marion County ...... 

do 

■ 9 

1 

4 

. ■ 7 

W. H. Gardner 
Marion County 

do 

1 

5 

1 

0 

11 

A. F. Harvey 

Marion County 

do 

! 6 

0 

9 

5 

C. A. Ratcliff 

Marion County 

do 

10 

7 

5 

5 

Reynold's Estate 
Marion County ^ 

do 

12 

1 

9 

5 

W. R. Winship 
Marion County 

do 

7 

1 

0 

4 

Totals 

Percentages 


56 

72.72% 

21 

27.28% 

i.32% 

37 

48.68% 


, Browa-rot sclerotinias occurring in California 

aiKl their distribution on stone fruite. Phytopatli. 29: 337-351. 1929. 
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were collected from sweet cherry trees in experimental orchards located 
mostly in Marion County. Included in the counts were a few cultures from 
material collected in two orchards in Lane County and one each in Benton 
and Polk Counties. The species -was determined in all eases by the culture 
method. While the collections were very limited in number, it is believed 
that the results may be of enough interest to warrant this brief note. 

Table 1 shows the relative percentages of Sclerotima fnicticola and 8, 
laxa isolated from blighted blossoms and from rotted fruits, respectively. 
It is of special interest to note that approximately 73 per cent of the isola- 
tions from blighted blossoms yielded S. fnicticola^ while only 27 per cent 
gave S. laxa. On the other hand, the isolations from rotting fruits gave 
approximately 51 per cent 8. fructicola and 49 per cent 8. laxa^ or very 
nearly equal percentages of the two species. These figures, while based 
upon a very limited count, are, nevertheless, at variance with statements 
made both by Barss and by Hewitt and Leach. 

It is intended to extend these studies to peaches, plums, and apricots as 
the opportunity arises. At the present time material is being collected 
from peaches. — ^A. W. Evans and C. E. Owens, Oregon Agricultural Experi- 
ment Station, Corvallis, Oregon. 

Sioigle-spored and Monosporous vs ?— In order to express the 

fact that a culture of an organism was derived from a single reproductive 
entity (spore, conidiiim, cell) authors have employed several different words, 
as monosporous, monosporic, monosporial, and single-spore (d). Are they 
strictly synonymous ? 

Probably monosporous has been most widely used with the intended 
significance of derived from, but not composed of or bearing, one spore. The 
dictionary definition (Webster’s New International), however, restricts it to 
the latter sense, i.e., monosporiferous. The suffix -ous means literally full of 
or possessing. A suffix that more precisely expresses origin or derivation is 
4c which means of or pertaining to j the suffix -al {4al) means almost the 
same with the additional connotation of belonging to. Either monosporic 
OT monosporial would precisely denote something belonging or pertaining 
to one spore, but neither word as yet has dictionary sanction. In one respect 
monosporic is preferable in that the prefix and suffix are both of Greek origin 
as is also the root, whereas the suffix -al is Latin. Monosporic would also 
agree in form with monocytic, which might be usefitl in certain connections. 
On the other hand, monosporial would parallel monoconidial, thus facilitat- 
ing observance of the mycological convention that restricts spore to a repro- 
ductive structure of the perfect or sexual stage of an organism and conidium 
to the imperfect or asexual stage. ‘‘Monoconidic” appears impossible. 

Possibly those who prefer ^'English” words will continue to use the 
nounal adjective single-spore, or the participial adjective single-spored, but 
these expressions can mean literally either derived from or containing one 
spore. Besides, it is to be feared that printers and editors in their crusade 
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against hyphens wonld eliminate this one and write the word amp tespored, 
which, only looks strange, whereas its logical counterpart singleconidhl is 
definitely forbidding. — Freeman Weiss, Bureau of Plant Industry, Wash- 
ington, D. C. 



ANNOUNCEMENT 


SUMMER MEETING OP THE AMERICAN PHYTOPATHOLOGICAIj SOCIETY 

The sumiher meeting' of The American Phytopathologieal Society will he 
held jointlj^ with the newly organized New England Division of the Society 
from June. 24 to June 27, inclusive. Headquarters will be the Connecticut 
Agricultural Experiment Station in New Haven. The program aims to 
show visitors the phytopathologieal problems and facilities of a cross section 
of New England. The tentative program is as follows: 

June 24 — 10 : 00 a.m. assemble at Bartlett Tree Research Laboratories, 
Stamford, Conn. Subject : Tree BmeEses. 12:30 p.m. Clambake, 
courtesy of the P. A. Bartlett Tree Expert Company. 2 : 00 p.m. 
Leave for New Haven and tour of Yale University. 6 : 00 p.m. 
''Soup's-OiU' by Chef Stoddard. 7:30 p.m. Open house at the 
Connecticut Agricultural Experiment Station. Party for the 
ladies. 

June 25 — 8:30 a.m. Laboratories of Forest Pathology, U.S.D.A., Marsh 
Hall, Yale University. 10 : 30 a.m. Experiment Station Farm, 
Mt. Carmel (Conn.), fruit and vegetable diseases, organic fungi- 
cides. 12:30 P.M. Picnic lunch at Sleeping G-iant State Park. 
4 : 00 P.M. Arrive at Tobacco Sub-station, Windsor. 7 : 00 p.m. 
Panel discussion or technical papers. 9:00 p.m. Smoker. 

June 26 — 8 : 30 a.m. Visit to shade-tobacco farm and curing sheds. 1 : 00 
P.M. inspection of greenhouse and field experiments at Waltham 
(Mass.) Field Station. 5: 30 p.m. arrive at Durham, New Hamp- 
shire, to join in A.A.A.S. program. Complimentary concert tickets 
as guests of University of New Hampshire. 

June 27 — Join with Horticultural and Plant Physiological societies for 
papers of mutual interest'. The nearby White Mountains and the 
Maine Coast may serve as a vacation objective. 

The meeting is planned to provide everyone an opportunity to give and 
to receive information, ideas, and pleasure. Informality is the keynote. 
The arrangements committee would appreciate word of your interest in at- 
tending, suggestions for the good of the program, and titles of papers (10 
minutes' limit). Abstracts of papers to be presented must conform to the 
editorial policies of Phytopathology and be mailed to the Division secretary 

'■'473 ■ ' 
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hy 2. Come prepared to see and enjoy New England and to help 
launch a new Division of onr ever-advancing Society. 

Prank L. Howard, Secretary, 

New England Division, 

Kingston, Ehode Island. ■ 


Arrangements Committee : 

Ri J. Anderson 

J. S. Boyce 

E. P. Cuba 

R. P. Marshall 

M. 0. Richards 

B. M. Stoddard 

J. 6. Horsfall, ChaiiTiian. 




JAMES FRANKLIN COLLINS 
(1863-1940) 


Photograph B« Bachrach 



JAMES FRANKLIN COLLINS 

Walter H. Snell and Alma M. W a t e r m a n 

Professor J. Franklin Collins, taxonomist and forest pathologist, died 
ill Cranston, R. I., on November 14, 1940, after a long illness. 

Professor Collins was born December 29, 1863, in North Anson, Maine. 
He moved to Providence in 1873, where he was educated in the grade and 
high schools. From 1879 to 1898 he was a silver worker, designer, and 
embosser for the nationally known Gorham Manufacturing Company. He 
early became interested in collecting and identifying plants, and soon came 
into contact with Professor W. W. Bailey, Head of the Department of 
P)Otany at Brown University. Young Collins immediately began to collect 
and study plants assiduously under Professor Bailey's guidance. In 1894, 
while still working at his trade at Gorham's, he was appointed Curator of 
the Olney Herbarium at Brown University, and in 1896 was awarded an 
Honorary Ph.B. degree by that institution. In 1899, he gave up his work 
as a silversmith and undertook the duties of Instructor in Botany at Brown. 
He was made an Assistant Professor in 1905 and upon Professor Bailey's 
retirement in 1906, he became Head of the Department, in which position 
he continued until 1911. 

In 1907, Collins started on another tack, which was to develop into the 
main work of his later life. From that date, until 1911, while still teaching 
at Brown, he became successively Collaborator, Agent, Special Agent, and 
Forest Pathologist in the Office (Division) of Forest Pathology of the U. S. 
Department of Agriculture, working chiefly upon the chestnut-bark disease. 
Then, in 1913, when the late Dr. Haven Metcalf established a branch labora- 
tory of the Office of Forest Pathology at Brown University to deal with the 
diseases of shade and ornamental trees and shrubs, Collins was placed in 
charge. He was subsequently appointed Pathologist and Senior Patholo- 
gist-in- Charge. He did not give up his interest in taxonomy at any time 
during this period, but served as Curator of the Olney Herbarium and as 
Demonstrator and Lecturer in Botany until he retired from the government 
service in 1933. 

Collins' own botanical interests were broad. He was an expert in the 
higher plants, ferns, and mosses. He had a moderate knowledge of the 
fungi. He taught courses in taxonomy, morphology, histology, physiology, 
and ecology of the seed plants and higher cryptogams, medical botany, 
mycology, and some plant pathology. After his early investigations, con- 
nected with chestnut blight, he turned his energies to problems of the care 
and treatment of wounds in shade trees. His solid accomplishments in this 
field, at that time pervaded with fake and quackery, earned him the title 
of ''Father of Tree Surgery." He was responsible for four improvements 
in the protection of shade trees: 1. Scientific methods of trimming, etc., 
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instead of the crude tree butchery too commonly practiced. 2. The open 
cavity, properly made. 3. A wood-filler for cavities instead of the inelastic 
cement. 4. A sawdust-asphalt mixture for a more flexible filling. He had 
the two latter cavity-fillers patented by the U. S. Department of Agriculture 
to make the methods available to the public. His Farmers^ Bulletin 1178 on 
“Tree Surgery” ran through 9 editions and revisions, from 1920 to 1934, 
with a total of 210,000 copies, and Farmers’ Bulletin 1726, “Treatment and 
Care of Tree 'Wounds,” 5 editions, from 1934 to the present time totalling 
160,000 copies. 

Collins had considerable acquaintance with plants over the country. He 
had a broad and intimate knowledge of the plants of Ehode Island. He 
knew every corner of the State, every crossroad and brook. He collected 
widely with other members of the New England Botanical Club, more espe- 
cially in Maine and the Gaspe Peninsula. In the Gaspe region he did a 
great deal of exploring of hitherto untrod territory and because of his 
exploration of one mountain, that peak now bears the name of Mount Col- 
lins” and is so accepted by the Canadian Geological Survey. In his later 
wwk for the Government, he traveled considerably in this country to study 
trees and their diseases, parks, and forests. 

Collins’ publications numbered over 100, with about a score each on 
mosses and chestnut blight, and the others on ferns, local floras and miscel- 
laneous higher plants. Outside of his two bulletins on the care and treat- 
ment of shade trees, his best-known work was ^HCey to New England Trees, 
Wild and Cultivated,” with Howard W. Preston. 

Collins was a member of the following professional organizations: 
American Association for the Advancement of Science (Fellow), American 
Forestry Association, The American Phytopathological Society (charter 
member), Botanical Society of America, Josselyn Botanical Society of Maine 
(Chairman of Bryophyte Committee for 10 years). National Geographic 
Society, New England Botanical Club (Committee on Check List 10 years), 
Rhode Island Botanical Club (one of founders and president several years), 
Rhode Island Field Naturalists Club (president 3 years, and member of 
executive Committee 4 years), Rhode Island Plorticultural Society, Sigma 
Xi, (Brown University Chapter — Treasurer 2 years), Sullivant Moss 
Society, Torrey Botanical Club. 

Collins was a typical Yankee genius in manual accomplishments. 
Trained as a worker in the precious metals, he could turn carpenter, machin- 
ist, plumber, tinsmith, or electrcian with equal facility. With some sheet 
tin or brass, a little w^ood, some solder, a few nails or screws and the most 
ordinary of tools, he could make unbelievable things. His small office =was 
only a cubicle, but he made it serve at once as office, personal laboratory, 
library, herbarium, and workshop. The small laboratory that he directed 
provided twice the facilities the space would seem to justify, because of his 
ability to devise gadgets and arrangements of all sorts that saved valuable 
spa(M» and that packed in two sets of equipment where there wms room for 
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only one. He actually made the old physical saw that two objects cannot 
occupy the same space at the same time, appear ridiculous. Pull down a few 
black curtains from their hiding place near the ceiling, release a feA¥ catches 
and locks, lower or unfold some collapsible shelving, put a few devices of his 
own invention in the nearby sink, and one had a photographic dark-room 
with all necessary equipment in a corner where a do^en other operations 
had been carried on only a short time before. He was an accomplished 
photographer, a skillful bookbinder, and an artist at preparing and mount- 
ing herbarium specimens. He was not unhandy with pen and pencil 

Professor Collins was quiet, modest, reserved, but very kindly and com- 
panionable when one got to know him. He knew when to listen and when 
to speak. He possessed a twinkling humor. He had a remarkable memory 
for names, places, and facts. His sagacious and practical advice was always 
comforting, as well as enlightening. He was abstemious and rather spartan 
in his own life, but had a personal warmth that was often unsuspected. He 
possessed that attribute called ‘‘horse sense’’ that is so often found in a 
“ State-of -Mainer. ” He viewed life philosophically, and his last illness, 
w^hich he saw beginning to fasten its hold upon him ten years ago, he viewed 
with equanimity, profound courage and detachment, as he observed its 
course with a clear mind to the very end. 


THREE SPECIES OP PYTHIUM WITH PROLIFEROUS SPORANGIA 

C H A R L E S D R E C H S L E R 

(Accepted for publication November 1, 1940) 

INTRODUCTION 

Some years ago I (6) published diagnoses of 15 new species of Pythium 
that had been isolated from diseased roots and other decaying plant striic- 
tiires. More recently (9, 10, 11) the diagnoses of 9 of these species have 
been supplemented with figures and discussion setting forth various details 
of morphology in a somewhat comparative manner. In the present paper 
supplementary comment will be given to 2 of the remaining species, namely 
P. oedocMlimi and P. palingenes, both of which were made known as prolif- 
erous forms closely related to P. heUcoides DrechsL To bring the distinc- 
tiveness of these forms into appropriate relief, occasion is taken to describe 
as new a congeneric species, which, though showing sporangial proliferation, 
is manifestly alien to the heUcoides series. The figures illustrating sexual 
reproduction in the 3 fungi are given at a magnification (i.6., x 1000) uni- 
form with that of similar figures in previous papers. Owing to spatial neces- 
sities the zoosporangia and zoospores are shown in drawings reproduced at 
the lesser magnification (i.e., x500), previously employed in illustrations 
of similarly rangy asexual apparatus. 

PYTHIUM OEDOCHILUM 

The description of Pythmm oedochihcm was based on 4 cultures isolated 
from separate portions of decaying tissue excised from the stem and larger 
roots of a dahlia {Dahlia rosea Cav.) plant found seriously affected with 
crown rot in the District of Columbia, late in August 1926. Two week»of 
continuous wet weather had led to unusual prevalence of root rot in many 
cultivated and many wild lierbaceous plants, much of the decay being due 
apparently to oomycetous parasites not frequently encountered under more 
normal conditions. The fungus came to light subsequently from another 
source, on being isolated in pure cultime from discolored roots of 3 specimens 
of Bidens anstosa (Michx.) Britton, collected near Broad Kun, Virginia, in 
September 1931. 

Growing on maize-meal agar in plate cultures, Pythium oedochilum 
shows a rate of mycelial extension about median between that of the slower- 
growing members of the genus, as, for example, P. complens Fischer, and 
that of the faster-growing members such as P. ultim-um Trow and P. 

Subr. Its hyphal branches, on coming in contact with the wall of a glass 
container, expand terminally to form bulbous or clavate appressoria (Fig. 
1, A), which in most instances elongate into curved or slightly branched 
structures (Fig. 1, B, C). As the result, presumably, of functional frus- 
tration inevitable under the circumstances, the curved appressoria may 
further give rise to irregularly sinuous hyphal outgrowths (Fig. 1, D, E). 
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Only rather scanty aerial mycelium is ordinarily formed on maize-meal agar 
ill Petri dishes, though on the same medium in tubes the fungus produces a 
substantial cottony mat, which, like the cottony mat of P. helicoides, often 
persists for years wdthout collapsing to the substratum. 

Asexual reproduction may conveniently be induced in Pythium oedo- 
chiliim by excising from a thinly poured Lima-bean-agar plate culture small 
slabs of medium well permeated with young mycelium, and transferring 
them to a shallow layer of water in a sterile Petri dish. Each tract of sub- 
stratum thus placed under aquatic conditions soon extends into the sur- 
rounding water a fringe of filaments several millimeters in length. These 
submerged filaments show in their distal portions little of the racemose or 
corymbose branching characteristic of the submerse hyphae formed in 
irrigated preparations of P. helicoides. However, the sporangia which they 
produce terminally resemble those of P. helicoides rather closely, since, for 
the most part, they are subspherical, ovoid, or obovoid, and bear a papillate 
protrusion at the apex. In a stale preparation such a papillate sporangium 
may undergo no marked change for weeks, except that a central vacuole 
appears after a few days, and gradually increases in size with the passage 
of time. If staling is prevented by changing the w^ater at intervals, the 
sporangial contents are discharged into a vesicle (Pig. 2, A, a), and in 20 
to 25 minutes are transformed into biciliate zoospores wholly after the man- 
ner usual in the genus Pythium (Pig. 1, H ; Pig. 2, A, b) . In the meantime, 
the supporting hypha frequently resumes development to form a second 
sporangium within the empty envelope of the first (Pig. 2, A, a-d). Apart 
from instances of proliferation that result in a nested arrangement (Pig. 1, 
0, d; P; Pig. 2, E, b), uniaxial replication is accomplished also wdien the 
supporting hypha continues growth through the empty envelope as a fila- 
ment and produces a subsequent sporangium externally, whether in a posi- 
tion sessile on the empty evacuation tube (Pig. 2, B, b) or in a more forward 
position (Pig. 1, N, b ; 0, b, C; Pig. 2, D, b, e). Sometimes, especially when 
dehiscence of a sporangium is delayed so that uniaxial prolongation of the 
supporting hypha cannot take place, this hypha grows out laterally below 
the sporangial septum and gives rise to a subsequent sporangium, either 
close by (Pig. 1, G, c; L, b) or farther on (Pig. 1, G, b ; K, b ; M, b, c ; Pig. 
2, C, b; D, b; E, c). Pilaments bearing 3 or more sporangia may reveal 
only uniaxial prolongation (Pig. 1, 0), or only subsporangial branching 
(Pig. 1, 6 ; M) , or they may show both types of proliferation (Pig. 2, D ; E ) . 
Replicative development of either kind is found much less frequently asso- 
ciated with the sporangia that come to be produced, often rather abundantly, 
in intercalary (Pig. 1, J) or subterminal (Fig. 1, I; Pig. 2, F, a, b; G, b) 
as well as in terminal (Pig. 2, G, a) positions on the tracts of mycelium 
present in the agar medium before its transfer to water. 

The relatively small apical protrusion, which, as has been stated, is 
usually put forth by the sporangium when it reaches definitive size (Pig. 1, 
h ; Pig. 2, ( > b ; E, c) , sometimes serves in dehiscence without much outward 
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cliaiig-e ; the empty sporangial envelope in snch instances showing only a 
rudimentary collar (Fig. 2, B, a; D, b). More often, however, the protrusion 
grows out into a cylindrical process (Fig. 1, G, a, c; Fig. 2, B, b) before it 
yields at its tip to permit escape of the protoplasmic contents; the emptied 
sporangial envelope in these more nunieiws instances bearing an evacuation 
tube of appreciable length (Fig. 1, H ; L, a, b ; N, a, b ; 0, a, b, c ; P) . When 
an apical papilla or apical process suffers functional frustration, a tube put 
forth from some other position (Fig. 1, G, b) operates in the discharge of 
the sporangium (Fig. 1, K, a; M, b). Intercalary and subterminal spo- 
rangia more often discharge through an evacuation tube arising from a for- 
ward position than through one arising from an equatorial or proximal 
position (Fig. 1, I ; J ; Fig. 2, C, a ; D, a ; F, a, b ; G, a, b ; H) . 

After being liberated by disintegration of the vesicle wherein they are 
formed, the laterally biciliate zoospores (Fig. 2, 1) swim about for some time, 
and then round up into subspherical cysts (Fig. 1, Q; Fig. 2, J). These 
cysts germinate by producing usually a single germ tube (Fig. 1, E; Fig. 
2,K,a-d). 

Sexual reproduction of Pythium oedocMlum takes place abundantly in 
maize-meal agar cultures and with very little degeneration. The oogonia, 
spherical in shape, often are formed terminally on hyphae of variable lengths 
(Fig. 3, A; B; Fig. 4, A-C; E-H; I; Fig. 5, A; B; D; F), though, often 
again, they are found in intercalary (Fig. 3, D ; C ; Fig. 5, C) or subterminal 
(Fig. 3, E ; Fig. 4, D) positions. They are supplied mostly with 1, 2, or 3 
elongated, somewhat expanded antheridia that are borne terminally on 
rather sturdy hyphal branches. Ordinarily, the mycelial connection be- 
tween male and female organs, while necessarily present in cultures contain- 
ing only a single thallus, is too remote to be traceable ; yet monoclinous sexual 
units occur here and there (Fig. 4, E ; Fig. 5, E ; F), especially in irrigated 
preparations, where some extramatrical hyphal filaments may be so widely 
separated from their fellows that interaction is appreciably reduced. Spiral 
involvement of the oogonial hypha by an antheridial branch belonging to 
the same sexual unit — a most consistent feature of P. JieMcoides — occurs also 
in this species (8, Fig. 4, G), but only very rarely. Now and then an 
oogonial filament may be found enwu*apped spirally by a hyphal branch not 
closely connected with any male organ (Fig. 3, E ; Fig. 5, A) ; and, occa- 
sionally, helicoid involvement is observable where neither of the elements 
concerned has any close connection with a sexual structure (Fig. 5, G). 

In Pythium oedocMlum^ as in P. helicoides, the elongated antheridium 
is applied lengthwise to the oogonium. Often, especially when only one 
male organ is present, the oogonium protrudes rather markedly along the 
line of contact, the protrusion being indented longitudinally to provide a 
groove into which the antheridium is partly countersunk. The fertilization 
tube comes from a median or slightly forward position on the antheridium, 
where this organ is set most deeply in the groove ; so that the indented 
protuberance and the tube together frequently present a thick-lipped profile 




486 


Phytopathology 


L VOL. 31 


(Fig. 3, E ; Pig. 4, D ; E ; H), which indeed suggested the specific name given 
to the fungus, a term compounded from two words meaning “to swell,” 
and “lip,” respectively. When fertilization has taken place the oogonial 
contents contract into a spherical body filled throughout with numerous 
globules of rather uniformly small size (Pig. 3, A-D). Soon this body 
becomes surrounded by a thick wall of its own (Pig. 5, A, B). As its 
globulose contents undergo further gradual conversion (Fig. 4, B ; G ; E ; P) 
an oospore is brought into being that at early maturity contains 5 to 20 
reserve globules and 3 to 4 smaller refringent bodies (Pig. 3, E ; Pig. 4, A; 
D; G; H; I; Pig. 5, C-P). With additional maturation the refringent 
bodies often show some increase in number. The raultiifiicate internal 
structure of its oospores clearly marks the fungus as being closely related to 
P. helicoides. 

The sexual apparatus of Pythium oedochilim, produeed abiaidantlj in 
maize-meal agar, is not prone to excessive variation with res[)ect to its main 
dimensions. Tims the 200 measnrements for diameter of oogonium, from 
which was computed the average of 31.5 p given for this dimension in the di- 
agnosis of the species, showed a distribution of values (expressed to the near- 
est integral number of microns) as follows : 19 p, 1 ; 24 p, 2 ; 25 p, 2 ; 26 p, 3 ,* 
27 p, 9; 28 p, 7; 29 p, 7; 30 p, 24 j 31 p, 34; 32 p, 31; 33 p, 26; 34 p, 29; 35 p, 
13; 36 p, 8; 37 p, 3; 39 p, 1. And the 200 measurements for diameter of 
oospore, from which was computed the average of 28.1 p, likewise given in 
the diagnosis, showed the following distribution of values: 16 p, 1; 21 p, 1; 
22 p, 2; 23 p, 5; 24 p, 9; 25 p, 9; 26 p, 12; 27 p, 29; 28 p, 35; 29 p, 40; 30 p, 
24; 31 p, 17 ; 32 p, 9 ; 33 p, 5; 34 p, 2. As the strain from dahlia roots was 
the only one known when the species was described, the metric data then 
given were derived from cultures of that strain. Closelj^ comparable distri- 
butions are shown in the sets of values obtained by measuring the oogonia 
and oospores in 200 units of sexual apparatus selected at random in a maize- 
meal agar culture of the strain isolated from Bidem aristosa. Here the 
values for diameter of oogonium, which gave an average of 31.9 p, w^'ere dis- 
tributed as follows : 24 p, 1; 26 p, 1; 27 p, 1 ; 28 p, 2; 29 p, 5; 30 p, 28; 31 p, 
42; 32 p, 46; 33 p, 34; 34 p, 25; 35 p, 9; 36 p, 5; 37 p, 1; while the values for 
diameter of oospore, from which an average of 28.1 p was computed, had the 
following distribution : 19 p, 1 ; 24 p, 4 ; 25 p, 3 ; 26 p, 14 ; 27 p, 45 ; 28 p, 53 ; 
29 p, 41; 30 p, 26; 31 p, 11; 32 p 1; 33 p, 1. The 200 values for thickness 
of oospore wall obtained in the measurements made on the strain from JB. 
aristosa gave an average of 2.9 p, as compared with the average of 2.5 p 
earlier computed from corresponding measurements of the dahlia strain. 
Apparently this rather marked dimensional difference is traceable to differ- 
ences in cultural conditions rather than to morphological dissimilarity be- 
tween the two strains. 

PYTHIUM PALINGENES 

The description of Pythium palingenes w^as based on 2 cultures isolated 
from darkly discolored roots of a giant ragweed {Amhrosia trifida L.) plant 
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that was taken up from a moist roadside near Delaplane, Virginia, late in 
August 1926. Cultures of the fungus were obtained also from discolored 
roots of giant ragweed plants collected 3 weeks later near a watercourse in 
the District of Columbia. In both localities development of root-rotting 
parasites had been encouraged by a period of wet weather preceding the 
collection of the infected material. 

Growing free of contaminating organisms, at a temperature of 24° C., 
Pythium palingenes extends its mycelium more rapidly than P. oedocMlum, 
though somewhat less rapidly than P, helicoides. Its submerged mycelium 
in maize-meal agar cultures presents to the naked eye a diffuse appearance 
without noticeable luster; and, accordingly, reveals under the microscope 
promiscuous rather than parallel arrangement of hyphal parts. Since the 
vegetative filaments vary in width between 2 and 7 p, the fungus is of ap- 
proximately the same texture as the widely familiar P. deharyamm Hesse. 
On encountering the glass wall of a Petri dish the more delicate branches 
often give rise to terminal appressoria, clavate or knob-like in shape. Tracts 
of aerial mycelium often partly clothe the surface of the substratum in plate 
cultures, w^hile in tube cultures, as a rule, the medium is wholly covered with 
a weft of cottony growth, which, under ordinarily favorable conditions for 
storage, persists for years without collapsing. 

Material suitable for inducing abundant asexual reproduction in 
Pythium palingenes is readily obtained by growing the fungus on Lima-bean 
agar in thinly poured plate cultures. When slabs, well permeated with 
vigorously growing mycelium, are excised from such cultures and trans- 
ferred aseptically to a sterile Petri dish containing a layer of water deep 
enough just to cover the medium sparingly, filaments often more than 1 or 
2 mm. in length grow out into the water to produce terminally a subspherical 
or ovoid sporangium provided with an apical papilla. As the long filaments 
are largely devoid of branches in their distal portions, the primary sporangia 
here, like those of P. oedochilum^ lack the corymbose or racemose arrange- 
ment frequent in P. helicoides. Accordingly, proliferous development here, 
much as in P. oedochiUim, eventuates mainly in unilinear series. A spo- 
rangiferous filament, after growing through the empty envelope of one spo- 
rangium, produces another, either some distance onward (Fig. 6, A, a, b, c, d; 

B, a, b, f), or directly superimposed on the empty evacuation tube (Pig. 6, 

C, a, b). Very often, too, a new sporangium is formed within the empty 
envelope of an old one, so that a nested arrangement is brought about (Pig. 
6, A, e ; B, c, e, g ; C, c ; B, a, b, c ; G, a, b) . Sometimes, again, where dehis- 
cence of a sporangium is delayed, the supporting hypha grows out below the 
delimiting septum to produce another sporangium, whether at a distance 
(Pig. 6, B, d) or close by (Pig. 6, D, a, b) . 

The dome-shape apical papilla, usually present on a sporangium when it 
attains definitive size, may function directly in dehiscence (Pig. 6, A, b; 
B, f ; C, b ; E, a), though often it grows out into an evacuation tube of some 
length before the sporangial contents are expelled into a vesicle formed at 
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its tip (Fig*. 6, Gj b). Within this vesicle the undifferentiated mass of pro- 
toplasm is fashioned into laterally biciliate zoospores wholly after the man- 
ner typical of Pythmm (Fig. 6, H). On escaping from the vesicle the zoo- 
spores, among the largest known in the genus, swim about for a time before 
they come to rest and round up into cysts having an average diameter of 
14 p. Tlie cysts may germinate vegetatively by 1 or 2 germ tubes (Pig. 

6, I, J, K). However, in irrigated preparations, which through repeated 
renewal of water have been kept fresh as well as moderately free of dissolved 
nutrients, germination of zoospores often takes place by production of long- 
ish sporangiferous filaments whereon are borne miniature sporangia (Pig. 
6, L, M) that give rise to single secondary zoospores, inorphologically similar 
to the primary ones, though of smaller size. Besides the numerous empty 
units consisting individually of the membranous remains of zoospore, spo- 
rangiophore, and sporangium (Pig. 6, N-R), irrigated preparations often 
show numerous empty zoospore envelopes, each provided with a broad empty 
evacuation tube open at its tip (Pig. 6, S, T, U). Frequently these en- 
velopes, wdiich obviously testify to the development of an iterated swarming 
stage by emission of protoplasmic contents into a vesicle directly from the 
encysted zoospore, bear, in addition, 1 or 2 narrow empty processes, in some 
instances continuous with the cyst (Pig. 6, V), in other instances set off 
by a cross-w^all (Pig. 6, W, X, Y). Presumably these processes represent 
membranous remains of short germ sporangiophores that became abortive 
wdien superseded by the successfully functional evacuation tubes. Prom the 
repeated emergence and renewed animation so freely displayed by its zoo- 
spores, the fungus was given a specific name defined in the familiar phrase 
born again.’’ 

Subspherical bodies apparently homologous with zoosporangia are pro- 
duced in rather large numbers on aerial mycelium overlying agar cultures 
of Pythium palingenes. For the most part they are borne terminally on 
delicate filaments or branches, though intercalary specimens are not rare 
(Pig. 6, P) . When borne terminally they are usually provided with a small 
apical papilla. Despite this modification for emission of contents, the bodies 
on being placed in water develop much more frequently by putting forth 
germ tubes than by discharging their protoplasmic materials into a vesicle 
for transformation into zoospores. 

Sexual reproduction takes place abundantly and with very little de- 
generation when Pythmm palingenes is growm in pure culture on maize-meal 
agar containing a small quantity of finely divided maizemeal. The sub- 
spherical oogonia are often borne terminally, either on relatively long* 
hyphae (Pig. 7, A; Pig. 8, A, C, E) or on shorter branches (Pig. 7, B,- 
Pig. 8, D). Often, too, they arise as intercalary bodies; in many instances; 
of such origin coming to have, when fully grown, a tangential or laterally 
sessile attachment (Pig. 7^ C; Pig. 8, B). Lateral, as distinguished from 
mesial, attachment is similarly frequent with subterminal oogonia (Pig.. 
7, D). The antheridia are for the most part borne terminally on branches 
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of variable lengths arising from hyphae having no close connection with 
the oogonial hypha. Although occasionally 6 (Pig. 8, C) and even 7 or 8 
male organs have been found supplying an oogonium, the number of an- 
theridia in units of sexual apparatus varies commonly from 1 to 4. Usually 
a proportion of sexual units varying from i to i show helicoid involvement 
of the oogonial hypha by an antheridial branch (Fig. 7, B, C ; Pig. 8, B, D), 
or by a hyphal element closely connected with an antheridial braneli (Pig. 
8, A) ; the individual helical coil consisting ordinarily of 2 or 3 turns. As 
a rule the antheridia, which, like those of P. helicoides and P. oedochilum, 
are of an elongated cylindrical shape, though modified rather often by 
prominent dorsal undulation (Pig. 7, A; Pig. 8, C) or lobate branching 
(Pig. 8, P), are applied lengthwise to the oogonium. The fertilization tube 
usually arises from a position closer to the apex than to the base of the 
antheridium, and in occasional instances, where through irregularity of 
development the antheridium is applied only by its anterior end, may arise 
from a virtually apical position (Pig. 7, B). 

The thick-walled, frequently yellowish oospores of Pythium palingenes 
have a multiplieate internal organization, since they reveal usually from 
15 to 30 reserve globules and from 2 to 5 refringent bodies imbedded in a 
matrix of murkily granular protoplasm. Often the space between the 
oogonial membrane and the oospore wall is in large part filled with yellowish 
material, which sometimes appears to be of granular texture, or, again, may 
be of nearly homogeneous consistency (Pig. 7, A, B ; Pig. 8, A, B, D, E ) . On 
the whole the variations in the main dimensions of oogonium and oospore 
may be considered moderate rather than extreme. As the values given in 
the original diagnosis for the diameters of these structures were based on 
sets of only 100 measurements, an equal number of additional measurements 
have since been made to make possible a metrical statement better com- 
parable with metrical statements submitted for other species. An average 
of 33.6 p was computed from the combined 200 values for oogonial diam- 
eter, which, expressed to the nearest integral number of microns, show a 
distribution as follows: 19 p, 1; 20 p, 1; 21 p, 2; 23 p, 3; 24 p, 5; 25 p, 2; 
26 p, 1; 27 p, 1; 28p, 1; 29 p, 4; 30 p, 6; 31 p, 10; 82 p, 15; 33 p, 24; 
34 p, 30; 35p, 25; 36 p, 28; 37 p, 15; 38 p, 14; 39 p, 7; 40 p, 4; 41 p, 1. 
And the combined 200 values for diameter of oospore, from which an aver- 
age of 30.7 p was computed, show a distribution as follows; 18 p, 2; 19 p, 2; 
20 p, 1; 21 p, 4; 22 p, 3; 23 p, 3; 24 p, 2; 26 p, 3; 27 p, 5; 28 p, 17; 29 p, 17; 
30 p, 17; 31 p, 24; 32 p, 30; 33 p, 24; 34 p, 20; 35 p, 17; 36 p, 7; 37 p, 2. 
Through inclusion of the additional measurements the range in thickness 
of oospore wall was extended upward to a maximum of 3.8 p, while the 
arithmetical mean of this dimension was increased to 2.8 p. 

A PROLIFEROUS SPECIES OP PYTHIUM WITH ASYMMETRICAL 
UTRIPORM SPORANGIA 

Eepresentatives of the genus Pythium were apparently first recorded 
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as occurring naturally on materials of the water-lily family by Petersen (19) 
in statements relating to the habitats of P. prolifenim de Bary and P. imdu- 
laUim Fet Working in Denmark, he observed the former species (or what 
he considered to be the former species) 3 times on the leaves and stems of 
old Nymphaea -pldaits and on the decayed flower of a iV'ttpJiar plant; while 
the latter species of PytJimm was encountered frequently on decaying leaves 
and stems of Nuphar luieum Sibth. and Smith and of Nymphaea alha PresL, 
though, occasionally, it was found also on old iris fruits and on submerged 
branches of trees. It seems not to have been Petersen’s intention to attrib- 
ute any pathological relationship to the 2 oomycetes, for, in discussing 
the biological circumstances attending the occurrence of submerse fungi, 
he expressed the view that aquatic plants — ^presumably aquatic types of the 
higher plants — ^are not attacked as long as they remain alive and are left 
undisturbed in their original site. Attack on plants partly dead he believed 
extended only to the dead parts. 

Prom observations carried out during 2 seasons Dissmann (5) found that 
volunteer water-lily {Nymphaea Candida PresL) plants, growing abundantly 
in an artificial pond in marshy terrain near Hirschberg, Bohemia, showed 
yellowing of their leaves as early as May and June, although, ordinarily, 
foliar yellowing was not wont to occur until near the end of the growing 
season in autumn. The affected leaves soon turned brown and then became 
detached from the rhizome. On examining them with the naked eye they 
were found covered unif ormly with a delicate filamentous nap, about 0.5 mm. 
in thickness, slimy to the touch. Microscopic inspection of this slimy nap 
disclosed a luxuriant hyphal growth and concomitant zoosporangia, which, 
from their manner of discharge, could for the most part be referred to the 
Pythiaceae. Sections of affected leaves showed the tissues to be thoroughly 
permeated with mycelial hyphae. Of the several oomycetes present in this 
material, 2 were consistently predominant. Studied in pure culture under 
varying conditions these 2 forms 'were identified with the 2 species previously 
recox’ded from water-lily materials by Peterson, namely, Pythium proUf erum 
and P. undulattmi. A relatively small proportion of affected leaves har- 
bored, besides, 2 additional species of Pythkm, — one of them from its pro- 
duction of spiny oogonia being held referable to P. artotrogus (Mont. ) de 
Bary, whereas the other, with very minute oogonia, could not be identified 
with any species then described. The oldest portions of affected leaves, 
moreover, were regularly occupied by a saprolegniaceous form identified as 
Achyla amerieana JlumpK 

In our Northern States the foliage of some white water-lilies, including 
Nymphaea odorat a Ait. and N, tuherosa Paine, often undergo premature 
decline from multiplication and extension of water-soaked or discolored 
areas. When portions of affected tissue are excised from such areas, pressed 
between sheets of absorbent paper to remove excessive water, and planted on 
agar media, Pythium mycelium almost always grows out very promptly. 
Mycelial growths thus obtained need only be freed of contaminating micro- 
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organisms to yield pure cultures. Among several hundred cultures derived 
through such procedure from material collected in Massachusetts, New York, 
and Wisconsin, a species closely similar to P. helicoides, and probably iden- 
tical with DissmamPs P. proUferuniyWa^ abundantly represented ; as was 
also a species that, judging from the large globose reproductive bodies 
produced by it in maize-meal agar, must almost certainly be the same as 
Dissmann's P. undulatiim. Of less frequent occurreiiee, though present 
in more than a dozen cultures isolated from leaves of N, tiiberosa collected 
near Butternut, Wis., in August 1938, was a species having an unusually 
clistinetive asexual reproductive phase. 

When grown on maize-meal agar the species in question extends its my- 
celium with a degree of rapidity moderate for members of the genus 
PytMum, The submerged mycelium produced in plate cultures is of a 
feebly lustrous, somewhat pronouncedly radiating appearance (Pig. 9, A). 
On microscopic examination it is seen to consist of relatively coarse axial 
hyphae, and relatively coarse branching systems; the more delicate rami- 
fications in comparison with those of P. i^eriplocum, for example, attaining 
only meager development. Swollen terminations, interpretable as ap- 
pressoria, are produced very sparingly where the hyphal branches encounter 
the glass wall of a culture dish. Aerial mycelium ordinarily does not de- 
velop on maize-meal agar in Petri dishes, and often is likewise suppressed 
even in tube cultures. 

As a general rule when the fungus is grown in pure culture on maize- 
meal agar or Lima-bean agar it gives rise to no zoosporangia whatever. Like 
other species of it can be indnced to reproduce asexually by trans- 

ferring thin slabs of Lima-bean agar, well permeated with its mycelium, to 
a shallow layer of water. This treatment, however, usually results in only 
rather meager production of sporangia and in correspondingly meager de- 
velopment of zoospores. Yet, extraordinarily copious production of spo- 
rangia ensues without irrigation if several small pinches of leaf mold, or 
small quantities of other decaying vegetable detritus, are added to maize- 
meal agar cultures of the fungus; the efficacy of such amendment being 
especially marked if the medium employed is soft enough to afford a thin 
superficial film of free water. Often, within a few hours after the material 
has been added, zoosporangia will be found developing on the surface of the 
substratum in immediate proximity to the deposits of refuse. Their de- 
velopment and multiplication proceed actively for 5 to 10 days, spreading 
into more distant portions of the culture. However, the reproductive bodies 
are not distributed uniformly through the medium, being laid down for the 
most part in crowded arrangement along certain favored radials of the 
mycelium, mainly on the surface of the substratum, where they become 
visible collectively as flesh-colored radial streaks (Fig. 9, B). 

On microscopic examination the more substantial of the streaky deposits 
are seen to consist of sporangia piled on one another several layers deep. 
Where the accumulations are somewhat less dense the individual sporangia 
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Pig. 10. Sporangia of PytMum marsipium in the plate culture shown in Fig. 9 
B ; about x 200. 
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may be discerned as bodies of siibspherieal, ovoid, and saccate sliapes (Pig, 
10). A large proportion of the ovoid and saccate specimens are found to 
be attached laterally, so that their axes are directed athwart the axes of 
their supporting liyphae; the beak, moreover, being skewed rather sharply 
from the sporangial axis as if to prolong the supporting filament (Pig. 11, 
A, B) . Comparable unsymmetry of shape, together with lateral attachment 
and transverse or oblique orientation, has long been known as a remarkable 
feature pertaining to sporangia of Pythiogeton^ having been recorded for all 
3 of the species — P, uiriforme^ P. transversum, and P. ramosww— cleseribed 
by von Minden (18) as initial members of the genus; though, it is true, the 
German investigator wisely decided not to recognize asymmetrical conforma- 
tion of sporangia as a generic characteristic, after he had noted the presence 
in his material of spherical sporangia, as well as of sporangia intergrading 
between the spherical and the elongated asymmetrical types. Elongated 
asymmetrical sporangia I found to be produced also in my P. autossyfnni 
(7), again in association with spherical and intergrading specimens; while 
only subspherical and slightly ellipsoidal sporangia have been ascribed to 
P. uniforme Lund (16) and P. dichotomum Tokunaga (14), not to mention 
some unidentified congeneric species figured by Lund (16) and by Sparrow 
(22). Sporangia of regular ellipsoidal rather than utriform shape, yet with 
inedio-lateral attachment and transverse orientation, have been set forth by 
Hohnk (12) in the description of his Biasporangmm Jonestanum, 

Although formation of zoospores in the fungus follows a course broadly 
similar to that usual for other species of Pythium^ departures with respect 
to various details of development are observable. During the period imme- 
diately preceding discharge, the sporangium here does not reveal any vacuole 
comparable with the large lacuna-like vacuole that, in most congeneric forms, 
increases in size until it abruptly disappears very shortly before the proto- 
plasmic materials are expelled. Internally the numerous sporangia in moist 
agar cultures amended with leaf mold often maintain without noticeable 
change for several days a granular structure the uniformity of which is 
relieved only by a more nearly homogeneous texture in the beak, and by the 
presence of numerous, more or less evenly distributed, subspherical hyaline 
bodies, approximately 3 jj in diameter. Perhaps more because of some luinp- 
Gf protoplasm about these bodies than because of any definite demarca- 
tion, the sporangial contents present an appearance vaguely suggestive of 
cleavage, a little like that presented, for example, in sporangia of Phytopli- 
thora ready to discharge their zoospores. When water is added discharge of 
the sporangial contents ensues more promptly than in most allied species. 
Often within 30 minutes an evacuation tube is pushed out in proximity to 
the beak (Pig. 11, C, a), or the beak itself becomes elongated ; a cap of dehis- 
cence being formed in either ease, which, on yielding, receives the escaping 
protoplasmic materials, and is thereby inflated into a spherical vesicle (Pig. 
11 , D, a). Almost immediately after its reception in the vesicle the dis- 
charged mass begins to show faint lines of cleavage, and to display waving 
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cilia at its periphery. Manifestly, at the time of their discharge, the spo- 
rangial contents here have already undergone the initial stages of reorgani- 
zation that elsewhere are accomplished during the first 5 minutes of their 
sojourn within the vesicle. Since the further stages of transformation 
follow in the sequence usual for species of Pythium, the laterally biciliate 
zoospores are ready to be liberated after 15 to 20 minutes, rather than after 
20 to 25 minutes as in most congeneric forms. The peculiarities attending 
asexual reproduction in the genus Pythiogeton — discharge of sporangial 
contents into a conspicuously elongated vesicle, deliquescense of the vesicular 
envelope either in place or after violent projection of the extruded mass, and 
fashioning of zoospores from the unprotected protoplasm— have not been 
observed in the fungus. 

The distinctive asymmetrically beaked sporangia (Fig. 11, C, b; E; F), 
as also the occasional bilobed specimens (Fig. 11, G) of apparently binate 
origin, are for the most part borne terminally on mycelial branches. In very 
prolific agar cultures a large proportion of the sporangia arise as intercalary 
bodies, often close together, on a main hypha (Fig. 11, H, a-d). These, more 
usuall}^, are subspherical or ellipsoidal, and as a rule bear a sessile papilla 
(Fig. 11, H, a, b, c). The papilla, though sometimes functioning in dehis- 
cence without furthering elongation, more frequently grows out into an 
evacuation tube of varying length (Fig. 11, 1, t; K, t). Among the globose 
intercalary sporangia may be found specimens as much as 60 or 70 p in 
diameter, which, on discharging, give rise to more than a hundred zoospores. 
Of course not all globose or ellipsoidal sporangia are intercalary, some being 
borne terminally (Fig. 11, L, M) much like asymmetrical specimens. 

After a sporangium has been evacuated, the supporting hypha may 
resume growth by giving rise, usually within the emptied envelope, to a 
second sporangium (Fig. 11, D, b, c; E ; F; N). Such proliferous develop- 
ment wmuld appear, on the whole, somewhat more frequent in rather well- 
irrigated material than in material only sparingly irrigated. Deficiency in 
supply of water may often fail to inhibit sporangial discharge, even while 
it is causing premature disintegration of vesicles, with the result that numer- 
ous discharged protoplasmic masses, deprived of their protective coverings, 
undergo degeneration on a relatively enormous scale. Under proper con- 
ditions, however, irrigation of slabs excised from cultures on maize-meal 
agar, amended with leaf mold, leads within 1 or 1.5 hours to liberation of 
active zoospores in extraordinary abundance. After swimming about for 
some time the zoospores round up (Fig. 11, 0), to germinate later by the pro- 
duction usually of a single germ tube (Fig. 11, P, a-c). 

In its sexual reproduction the fungus is somewhat capricious. Most cul- 
tures on maize-meal agar show no evidence of sexual development, and, ap- 
parently, such development cannot be induced by increasing the amount of 
finely divided maizemeal in the medium, or by adding either leaf mold or 
yeast extract. Yet, now and then a culture on the same substratum wdll 
afford prompt production of oospores wholly correct in structure, without 
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EHy addition of alien substances. Like the sporangia the units of sexual 
apparatus usually are found in crowded arrangement along favored liypliae, 
and tlius collectively become visible to the naked eye in radial streaks. 

The oogonia are rather large subspherical bodieSj frequently intercalary 
in the wider mycelial filaments, either singly (Fig. 12, A ; B ; C ; Fig. 13, D) 
or in pairs (Fig. 12, D, a, b ; Fig. 13, A, a, b) . Often, again, they are borne 
terminally (Fig. 13, B) or somewhat subterminally (Fig. 13, A, c; C; E) 
on branches of variable lengths. Fertilization is accomplisiied usually by 
i, 2 or 3 antheridia, borne terminally on rather stout lateral branches arising 
from hyphae having no close connection with the oogonial filaments. Dicli- 
iiism is conspicuous in the numerous aggregations of sexual apparatus where 
all the female elements clearly come from one hyphal system, and all male 
elements from another. In some instances an antheridium is brought into a 
lateral position when the supporting hypha continues growth from below the 
delimiting septum to produce a second antheridium farther onward. As a 
rule the antheridia are broadly applied to the oogonium, which often pro- 
trudes noticeably in the region of contact, besides showing here marked 
attenuation of its relatively thick envelope. The fertilization tube is often 
rather wide, and frequently may be seen attached by its distal end to a wart- 
like excrescence on the oospore wall (Fig. 12, Aj Fig. 13, A, c; C). Inter- 
nally, the mature oospore always reveals the unitary structure common to 
most species of PyiMum, never the multiplicate structure distinctive of the 
helicoides series. Its single reserve globule is of comparatively large size, 
as is evident from the relevant metrical data given in the diagnosis, which 
were derived from measurements of 200 units of sexual apparatus selected 
at random in maize-meal agar cultures. Expressed to the nearest integral 
number of microns, the values for diameter of oogonium obtained from these 
measurements are distributable as follows : 23 p, 1 ; 24 p, 2 ; 25 q, 3 ; 26 p, 8 ; 
27 p, 13; 28 p, 20; 29 p, 17; 30 p, 27; 31 p, 23; 32 p, 22; 33 p, 18; 34 p, 14; 
35 p, 10; 36 p, 13 ; 37 p, 7 ; 38 p, 2; while the values for diameter of oospore 
are distributed thus : 19 p, 1 ; 21 p, 4 ; 22 p, 9 ; 23 p, 19 ; 24 p, 20 ; 25 p, 25 ; 
26 p, 33; 27 p, 28; 28 p, 13; 29 p, 23; 30 p, 11; 31 p, 10; 32 p, 2; 33 p, 2. 

Although the fungus produces asymmetrical utrif orm sporangia conform- 
ing to a type held characteristic more especially of several species of PytMo- 
geion, it clearly does not belong in that genus. As has been noted, the 
vesicle wherein the sporangial contents are fashioned into zoospores is con- 
sistently spherical, and not only fails to deliquesce soon after its inflation, 
but often shows more than ordinary durability when sizeable portions of its 
membrane persist in visible state for an hour or two after escape of the zoo- 
spores (Fig. 11, I). Despite some aberrant features — prolonged mainte- 
nance of the sporangia in a condition of readiness for prompt discharge, 
initiation of zoospore development previous to discharge — asexual reproduc- 
tion here is unmistakably that of a species of Pythium. While pronounced 
vacuolization is not apparent in the sporangium shortly before dehiscence, 
it remains possible that the protoplasmic reorganization associated with such 
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vacuolization may be accomplished here much less obtrusively just before 
the sporangium enters on its prolonged condition of readiness for discharge, 
that is, at a stage often long preceding discharge as regards time, yet, corre- 
sponding approximately to the developmental stage immediately preceding 
discharge in the generality of congeneric forms. On aging, naturally, the 
sporangia here, like those of other oomycetes, sooner or later show a vacuole 
of seneseence, wdiich often increases in size until the granular protoplasm is 
crowded into a thin parietal layer. 

The literature on Pythium is not wholly free of comment in which fungi 
with unsymmetrieal zoosporangia have been designated as species of that 
genus. Cornu (4), in 1872, made reference, under the binomial PytJmmi 
\itriforme, to a new species whose zoosporangia he described as being always 
irregular, utriform, and elongate-reniform in shape; his further character- 
ization of tliem as being occasionally intercalary presumably implying that 
like the spherical sporangia of another new species, Pythium imperfectum^ 
they w^’ere borne for the most part terminally on delicate filaments similar to 
the sporangiferous filaments of Pythium prolifer im. In the 2 new species, 
both proliferous like Pythium proUferum^ the protoplasm issued from the 
tip of a long evacuation tube, to be received at the beginning in a vesicle, 
which, however, normally burst after attaining very meager development. 
Von Minden properly recognized the external shape ascribed to the spo- 
rangium of Pythium utriforme^ and the early disintegration, in that species, 
of the vesicular membrane, as features indicating probable identity with one 
or another of the 3 species he described in the genus Pythiogeton. Though 
he believed, not without justification, that Pythium imperfectum pre- 
cluded from such identity by reason of its spherical sporangia, this inade- 
quately described species, with its early disintegration of vesicular envelope, 
would now seem referable to Pythiogeton no less properly than Pythiogeton 
unifonne, Pythiogeton dichotomum, and the several unnamed congeneric 
forms figured by Lund and Sparrow, for all of which likewdse only globose 
sporangia have become known. 

Soon after Cornu insufiScient characterization of Pythium utrifornie, 
Pringsheim (20) referred somewhat incidentally to a closely allied species, 
which, from the varied, mostly lateral origin of its evacuation tube, he desig- 
nated as Pythium laterale. This species, though inviting von MindeiPs 
speculations relative to its possible affinities in Pythiogeton, could only be 
dismissed from consideration, since the relevant descriptive comment, again, 
gave no clear picture of the fungus observed. 

From the several remaining proliferous forms that have been described as 
species of Pythium the fungus would seem to dilfer primarily in its produc- 
tion of utriform sporangia. Apart from this general difference, the habitual 
declinism of its sexual phase offers a marked contrast with P. proliferum, in 
which, according to de Bary (1), the antheridium as a rule arises from the 
oogonial hypha in close proximity to the oogonium, and only occasionally is 
contributed by a neighboring filament. Later writers that dealt at first hand 
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with some proliferous form to which they applied de Bary ’s familiar bino- 
mial have not always, it must be admitted, insisted on predominance of the 
monoelinous relationship. Of the 3 antheridia shown in 'W ard ’s fipuires (23, 
pi. 35, fig. 20, 21) one is clearly monoelinous, one is diclinous, and the other 
is of ambigrrous origin. Butler (3) found male organs coming from neigh- 
boring hyphae more frequently than from the oogonial hypha. In .Mat- 
thews’ (17) account the antheridia are figured and descrilx'd a.s coming 
rather impartially from neighboring filaments or from tin* oogonial filament, 
in the latter instance arising either adjacent to the oogonium or at some 
distance from it. 

In his original account of Pythitmi ferax, de Bary (2) characterized this 
form as being very similar to P. proliferum, though differing in various 
details. Among the details representative of difference was mentioned the 
absence of a large vacuole in the sporangium. As stalk antheridia, that is, 
antheridia made up individually of a segment of oogonial hypha adjacent to 
the oogonium, were stated to predominate over branch antheridia the sexual 
apparatus of P. ferax presents an arrangement of parts wdiolly alien to the 
present fungus. 

Dissimilarity w^ith respect to origin of antheridia likewise sets the fungus 
apart from PyiJmim nagai Ito et Tokunaga (13), a proliferous species asso- 
ciated with decay of rice (Orym satim L.) seedlings in Japan. Here, 
oogonia measuring only 14 to 22 jj in diameter are f ertilized nsnally by a 
single male organ, ovoid, globose, or clavate in shape, that is borne termi- 
nally on a slender branch arising from the oogonial stalk. 

Ito (14) in his diagnosis of Pytkium iwayam,a% a species found by 
Iwayama (15) to attack barley {Hordetim sativtim Jess.) and wheat 
{Triticuni vulgar e L.) in Japan, makes no mention of a proliferous habit, 
though the terminal attachment of sporangia described in part as being 
spherical, or more rarely ellipsoid, ovoid, or lemon-shaped, offers some ob- 
vious parallelism with proliferous forms. The oospores of this parasite, 
which measure 19 to 24 ix in diameter, are not only smaller than those of 
the fungus under consideration but differ further in that they completely 
fill the oogonial chamber. 

Parallelism with proliferous forms is suggested also in the subspherieal 
or lemon-shaped conformation attributed by Sideris (21) to the sporangia of 
2 fungi he described as new species under the names PytMum polycladon 
and P. euthyhyphon^ after he had isolated them in Hawaii from castor bean 
(Eicimcs communis L.) roots and pineapple {Ananas sativus Schult.) roots, 
respectively. To these species were ascribed, somewhat misgivingly, oogonia 
and oospores imperfectly seen within host tissue. The measurements given 
for the diameters of the bodies observed — about 20 p for the bodies presumed 
to belong to P. polycladon, and about 18 p for those referred to P. eiithy- 
hyphon — are well below the usual values for any analogous dimension in my 
sporangia, which often show proliferous development. In an old culture on 
fungus. 
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Fytliium caroUnianum Matthews (17), deseribeci as a parasite on a spe- 
cies of Spirogyra in North Carolina, gives rise to snbspherical or elongated 
carrots, some of its sporangia were observed to form bodies resembling a 
joiing oospore in appearance bnt never developing typical oospore struc- 
ture. These bodies, dubiously designated as resting spores, were figured 
with a lumpy internal organization slightly suggestive of the multiplicate 
organization in normal, mature oospores of P. helicoicles and its allies. As 
its hyphae were stated to be only 1 to 4 p wide, P. caroliniamim would seem 
appreciably more delicate than any proliferous congeneric form I have 
encountered. 

In fine, the fungus from water-lily leaves appears not to have been previ- 
ously described, and is, therefore, presented as a new species; the specific 
name applied to it — a term meaning '‘small pouehl ’-—having reference to its 
bursif orm sporangia. 

Pythium marsipium, sp. ixov. 

Myceliimi hyalinum, ramosuin, in 2-7.5 ^ erassis eonsisteiis. Zoosporangiis 

modo spliaeroideis, papilla instructis, 20-70 p, diam., modo terniinalibus, elongate -ovoideis 
vel utriformibus, saepius 25-70 p, longis et 20-45 p latis, basi rotundatis, apice oblique 
rostratis, a latere transverse vel oblique ramo saepe 20-100 p loiigo et 3-4 p crasso appli- 
catis; subinde per papillam vel per rostrum exinanientibiis, sed saepius per tubulmn 
usque 100 p longum 2-8 p crassum protoplasma eorum, f undentibus. Zoosporis saepius 
25-75 in vesieula evolutis, reniformibus, a latere biciliatis, quieseentibus globosis, 9-12 p 
diam. Oogoniis terminalibus, subterminalibus, vel intercalaribus, globosis, 23-39 p (saepe 
circa 30.9 p) diam., membrana .7-1,2 p crassa tectis ; antlieridiis interdum singulis, 
plerumque binis ternisve, rarius quaternis, fere terminalibus, saepissime dielinis, cupu- 
latis vel campaniformibus, 10-^20 p longis, 8-12 p latis, apice ad oogonium late appositis; 
oosporis flavidis, sphaericis, 19-33 p (saepe circa 26.2 p) diam., membrana 1.3-2.8 p 
(saepe circa 1.95 p) crassa tectis, unam pilulam oleosam 11-22 p (saepe circa 16.6 p) 
diam. et unum corpuseulum nitidum globosum vel valde applanatuni continentibus. 

Habitat in foliis Nymphaeae tuberosae putrescentibus prope Butternut, Wisconsin. 

Intramatrical mycelium in transparent agar media often sliglitly lustrous, of pro- 
nouncedly radiated api)earance, capable of approximately 19 p radial extension in 24 
hours at 24° C., composed of hyphae 2 to 7.5 p wide, the more delicate ramifications be- 
ing present usually only in moderate quantity. Aerial mycelium often absent or rather 
sparingly developed; under aquatic conditions extramatrical growth rather scanty. 

Sporangia subspherical or often unsymmetrically utriforin, — the snbspherical speci- 
mens mostly 20 to 70 p in diameter, papillate, produced mainly under moist rather than 
aquatic conditions, sometimes terminal but more often intercalary in wide filaments, — 
the utriforin specimens measuring 25 to 70 p in length by 20 to 45 p in width, broadly 
rounded at one end and skewly beaked at the other, formed under moivst or under aquatic 
conditions for the most part terminally on branches often 20 to 100 p long and 3 to 4 p 
wide, their long axis transverse or oblique to the supporting filament; discharging some- 
times by means of the beak or papilla without elongation of these parts, bnt more often 
by means of an evacuation tube, 2 to 8 p wide and up to 100 p long, which may prolong 
the beak or papilla, or may arise from a position nearby; proliferous in variable mea- 
sure, usually by the production of a secondary sporangium within the empty envelope 
of a primary one. Zoospores bean-shaped, longitudinally grooved, laterally biciliate, pro- 
duced within a moderately durable subspherical vesicle in numbers ranging from 2 to 
125, usually from 25 to 75; after rounding up measuring mostly 9 to 12 p in diameter. 

Oogonia frequently terminal or subterminal on sturdy branches, but more often inter- 
calary in the coarser axial hyphae, and then sometimes occurring adjacent to one 
another; subspherical, though often protruding noticeably toward an applied antlier- 
idium; measuring 23 to 39 p (average 30.9 p) in diameter; provided individually with 
a sturdy wall ,7 to 1.2 p in thickness; and supplied with 1 to 4, usually 1 to 3, anther- 
idia. Antheridia usually borne terminally on stout branches arising from filaments not 
closely connected with the oogonial hypha, though sometimes coming into a lateral 
position through prolongation of the supporting branch ; irregularly expanded, prolate 
ellipsoidal, eupulate, or bell-shaped ; measuring mostly 10 to 20 p in length by 8 to^ 12 p 
in width; at the distal end mostly rather broadly applied to the oogonium; intruding a 
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fertilization tube often 2 to o m- long and 1.5 to 2.5 ^ wide. Oospores usually yellowisli, 
subspberical : measuring mostly 19 to 33 p (average 26.2 p) in diameter j provided with 
a wall 1.3 to 2.8 u (average 1.95 |x) in thickness j containing a single spherical reserve 
globule 11 to 22 jx (average 16.6 p.) in diameter; and having imbedded in the narrow 
parietal granular layer a single refringent body which measures about 5 p in diameter 
when of subspherical shape, but which is often strongly flattened into an oblate ellipsoid 
and then measures 1.3 to 2.5 p in thickness by 7 to 10 p in width. 

Occurring in discolored, watersoaked, or decaying leaves ot N if mphaea tuherosa near 
Butternut, Wis. 

SUMMARY 

PytMim oedocMl'um and P. palmgenes resemble P. hvUcoidvs hi the 
generally symmetrical conformation and proliferous development of their 
>sporangia, which, however, owing to infreqnence of distal branching in the 
supporting hyphae, are rarely borne in corymbose arrangement. Asexual 
reproduction in P. palingenes is often characterized by abundant iterative 
swarming; the repetitional development coming about both through direct 
evacuation of the cyst envelope, and through produetion of a miniature 
sporangium on a germ sporangiophore. The sexnal reproduction of P. 
oedochilum and P. palingenes shows parallelism with that of P. helicoides 
not only in the longitudinal application of elongated antheridia to oogonia 
that often protrude along the regions of contact, but also in the distinctively 
multiplieate internal structure of the ripe oospore, — ^t.his spore containing 
plural reserve globules and plural refringent bodies instead of the single 
reserve globule and single refringent body found in the oospoi*es of most 
species of Pythmm. Helicoid involvement of the oogonial liypha by an 
antheridial branch, such as is associated with every unit of sexual apparatus 
in P. helicoides, occurs very rarely in P. oedochilum, and is concomitant with 
about one-third of the sexual units in P, palingenes, 

A fungus isolated from affected portions of water-lily leaves is described 
as a new species under the name Pythium marsipium. In agar cultures its 
asexual reproduction is enormously increased by addition of various decay- 
ing plant materials. Apart from zoosporangia of commonplace subspherical 
shape, often intercalary in the longer mycelial filaments, it produces, for the 
most part terminally on fairly short branches, asymmetrical utrif orin zoo- 
sporangia of a type that in recent times has come to be considered more or 
less distinctive of the genus Pythiogeton, Its zoospores are fashioned within 
a spherical vesicle of at least ordinary durability, from a mass of protoplasm, 
which, previous to sporangial dehiscence, has usually undergone the pre- 
liminary changes that in most congeneric forms are accomplished during the 
first 5 minutes following dehiscence. Proliferous development of sporangia 
occurs under thoroughly aquatic conditions. As the fungus produces 
oospores of unitary internal structure— that is, oospores with a single reserve 
globule and single refringent body— it must be regarded as alien to the 
helicoides series. 

Division of Fruit and Vegetable Crops and Diseases, 
it. S. Horticultural Station, 

Bureau of Plant Industry, 

Beltsville, Maryland. 
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TWO PHYSIOLOGIC PACES OP HELMINTHOSPOEIUM 
MAYDIS IN THE COEN BELT^ 

Aknold J. Ullstrup^ 

(Accepted for publication October 8, 1940) 

INTRODUCTION 

In 1938, a severe disease caused by a species of Hidminilwsporimn was 
observed in Indiana on the dent corn (Zea mays L.) inbred All 

aerial parts of the plants were attacked and in many instances nearly a total 
loss resulted. The complete involvement of the plants ca\ised premature 
killing and severe rotting of the ears. The disease occurred with equal 
severity again in 1939. 

In 1939, a disease, exhibiting strikingly different symptoms, was observed 
in the field on inbred ''187-2’' and on a number of experimental and pro- 
prietary lines. Further study demonstrated that the parasite involved is 
morphologically indistinguishable from the fungus isolated from inbred Pr. 
Cross-inoculation tests in the greenhouse on seedlings of various inbreds 
have shown, however, that constant differences in symptoms exist that are 
not due primarily to response of the host. These tests thus far have shown 
that, among the inbreds tested, Pr is the only host of the fungus isolated 
from it, and that the parasite isolated from 187-2 and other lines has a wider 
host range so far as inbreds and hybrids of corn are concerned. 

This paper reports studies conducted on two groups of isolates of a spe- 
cies of the genus Helminthosporium that are morphologically alike, but 
differ markedly in the symptoms they produce, and in the lines of corn they 
parasitize. 

COMPARATIVE MORPHOLOGY 

Diseased leaves of inbred Pr and of a proprietary inbred were collected 
in the field and placed in separate moist chambers for five days. Observa- 
tions on size, shape, and number of septa were made of 100 conidia selected 
at random from each of the specimens. No significant differences in mean 
spore length, mean spore wddth, number of septa, or spore shape were found 
betw'een the tw^'o samples. Conidiophores from the two specimens exhibited 
no morphological differences. When grown on various agar substrates the 
colonies of the two isolates could not be distinguished on tlie basis of cultural 
behavior. 

Collection of diseased materials from various localities was continued as 
the season progressed. Eight specimens of inbred Pr consisting of diseased 
leaves or ears, and 8 from other inbreds were each placed in separate moist 

1 Cooperative Investigation, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture, and the Department of Botany, 
Purdue University Agricultural Experiment Station. 

2 Agent, Division of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture. 
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eliambers for an equal length of time. One hundred spores from each speci- 
men were measured, and again no significant differences in spore size, shape, 
or number of septa were found to exist between those samples taken from Pr 
and those taken from other inbreds. 

Pure cultures secured from each of the 16 diseased specimens were placed 
on individual lots of Pr seedlings in the greenhouse. The Pr inbred is sus- 
ceptible to both races under greenhouse conditions, but in the field Pr was 
mever found to be parasitized by a race of the fungus that was also capable 
of parasitizing other inbreds. Special care was exercised during and after 
inoculation to prevent spread of spores between the different lots of seed- 
lings. 

After one week the isolates from Pr had produced the characteristic 
symptoms constantly observed when this inbred is infected with that race of 
the species of Helminthosporium originally isolated from it. The isolates 
from other inbreds produced symptoms indistinguishable from each other 
but strikingly different from those produced on this inbred by isolates 
from Pr. 

The individual lots of infected seedlings were harvested separately, 
dried, and placed in moist chambers. One hundred spores from each seed- 
ling lot were measured. The data obtained are presented in table 1. Based 
upon the analysis of variance, no significant differences in size were found 
between the two groups of cultures. 

TAXONOMIC RELATIONSHIPS 

Of the species of the genus Helminthosporium known to attack maize, 
Helminthosporkm maydis Nisik. and Mke. appears to be, with certain minor 
exceptions, similar to the species under consideration. In 1925, Drechsler 
(2) described the ascigerous stage of a species of Helminthosporium under 
the name Ophiobolus heterostrophus Drechs. The name was later changed 
to Cochliobolns heterostrophus Drechs. (3). In 1926 Nisikado and Miyake 
(4) named the imperfect form of the fungus, H. maydis. Recently, Boning 
(1) reported the occurrence of H, maydis in Germany. Certain morpho- 
logical characters of the species, as observed by Drechsler, Nisikado and 
Miyake, and Boning, are compared in table 2, together with the writer’s 
findings for material examined from the Corn Belt. 

Drechsler (2) states that the spores of the conidial stage of Cochliobohis 
heterostrophus exhibit rather pronounced curvature as compared with 
spores of other species of the genus Helminthosporium. Boning, however, 
found this untrue in the material he observed. 

The symptoms as described and figured by Drechsler (2) are similar to 
those observed on inbred Pr under field conditions. The symptoms reported 
and illustrated by Boning, as occurring in Germany, resemble those found 
on inbreds other than Pr. Drechsler and Nisikado and Miyake were appar- 
ently able to infect almost any variety of corn without difficulty, suggesting 
that the isolates with which they worked showed no host specialization. 


TABLE 1. — Length, width, and sepfafion among 100 spores of JLelmmthosporium in pare euliures of eaeti of 16 collections grown on seed- 
lings of corn inbred Fr 
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TABLE 2 . — Comparative measurements, septation, and hilum character of conidia 
of Helminthospofiiim may (Ms from different sources 


Observer 

Origin of 
material 

Range of 
spore 
length 

Range of 
spore 
width 

Range of 
septa- 
tions 

Character 

of 

hilnni 



Microns 

1 Microns 

Number 

' 

Drecbsler 

Philippine Islands 




Not conspic- 


and Florida 

20-115 

10-17 

3-12 

uous 

Nisikado and 

J ai:>an 

31-140 

10-22 

15a : 

£ C 

Miyake 






Boning 

Germany 

46-128 

12-17 

7-10 

£ £ 

Ullstrup 

Indiana, Illinois, 




£i 


and Ohio 

28-100 

7-18 

3-12 



SI Maximum. 


Because of the similarity of certain fundamental characteristics, the 
fungus herein reported is referred to Helminihosporium maydis. However, 
the differences between isolates from Pr and those from other inbreds, ■with 
respect to virulence, host specialization, and symptoms, seem to justify sepa- 
ration. Consequently, that race restricted in its parasitism to inbred Pr is 
designated as H, maydis race 1. The race parasitizing a wide range of 
inbreds and hybrids, including a number that are grown commercially in the 
Corn Belt, and producing symptoms distinct from those caused by race 1 
on Pr, is designated as H. maydis race 2. 

Eclminthosporium maydis Nisik. and Mke. Race 1 : 

Oonidia olivaceous-brown ; 28-100 p. X 7-18 g (mostly 60-7 0 X 11-14 jx) , widest at 
the center, and tapering toward the rounded ends ; slightly curved, rarely markedly so ; 
3-13 septations (mostly 5-10) ; hilum inconspicuous. Spores germinating by 2 polar 
germ tubes. Conidiophores arising singly or in small groups from the stomata ; olivaceous- 
brown, 90-230 |ix 5-7 fx, bearing one to several conidia at points marked by genieulations. 

Highly virulent on all aerial parts of inbred Pr causing characteristic zonate lesions 
tliat frequently coalesce. No other inbreds or hybrids have been found susceptible. 

Helminihosporium maydis y^isik. Bxid Mke. Race 2: 

Morphologically indistinguishable from race 1. Found on a number of inbreds in 
the field and able to parasitize all inbreds and hybrids tested as seedlings in the green- 
house. Distinguished from race 1 on basis of symptoms, which are characterized by 
narrow, elongated, chocolate-brown lesions that are marked by general coalescence. Race 
2 is fui'ther differentiated from race 1 by being considerably less virulent and less sx)e- 
cialized toward its hosts. 

Helminthosporium turcicum Passerini is, perhaps, the commonest species 
of the genus found on maize in the' Corn Belt. It is distinguished readily 
from H. maydis on morphological and symptomological bases. 

Lesions caused by Helminthosporium turcicum are characterized by rela- 
tively few, large, olivaceous, elliptical spots on the leaves (Pig. 1). The 
finigus may destroy an appreciable amount of leaf tissue, but, apparently, 
is not so virulent as either of the races of H. maydis. So far as can be 
determined there is but one published report (5) of the occurrence of H. 
turcicum on the ears of maize in the United States. 

Morphologically, Helminthosporium turcicum is distinguished from H. 
maydis in that the conidia are considerably greater in both length and width. 
Furthermore, the spores of H. turcicum show few^er septations, and the 
hilum protrudes conspicuously. (Pig. 2.) 
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Helminthosporium zeicola Stout was described by Stout (6) iu Illinois 
in 1930. The fungus was found on the lower nodes of corn stalks in Septem- 
ber and October. While, morphologically, this species is not strikingly 
different from H. Maydis^ Stout felt that the absence of a peiithecial stage 
and the presence of the fungus on the stalk, rather than on the leases, weie 
sufficient reasons for describing a new species. It was suggested by Stout, 


Fig. 1. Portions of fully developed leaves showing infection by Helminthosporium 
imeicum. x about i. 

but not demonstrated, that H. zeicola probably was pathogenic. Since the 
collections were made in the fall on mature or perhaps dead corn stalks, 
some may doubt its parasitic habit. Absence of the perfect stage and the 
caulicolous habit appear not to be valid criteria for taxonomic separation. 
Furthermore, even though the fungus were pathogenic, it appears from a 
purely morphological standpoint to be synonymous with II. maydiSj and, on 
the basis of priority, should have been designated as such. 

Repeated searches for an ascigerous stage of IlelminiJiOHporium maydis 
have been conducted in both laboratory aiid field. Fresh and overwintered 
material, held for different periods of time and under different levels of 
moisture, have failed to give rise to an ascomycetous fungus that, from the 
standpoint of parasitism and morphology, could be designated as the ascig- 
erous stage of JE. maydis. Field observations on overwintered ears and 
leaves have likewise failed to reveal the perfect stage of this fungus. 
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SYMPTOMOLOGY 

The sypiptoEis on plants of inbred Pr, attacked b\ IJchuiuthospoiiuM 
maydis race 1, appear, in their early stages, as small, pale-green or yellowish 
spots on aerial portions of the plant. With the rapid enlargement of the 
spots the central portion dies and becomes straw-colored, with a dry, papery 
texture. The margins of the lesions show definite concentric zones varying 
from light- to purplish-brown. The lateral development of the pai-asite 
appears to be impeded somewhat by the parallel leaf veins, thus giving an 
oblong pattern to the lesions. ' (Fig. 3). On fully developed leaves in the 


Fig. 3. Symptoms caused by Eelminthosporium maydis race 1 on full grown leaves 
of Pr. X about h 

field single lesions range in size from those less than 0.5 mm. in diameter 
and hardly visiblej to those 5 x 20 mm. Under conditions of high humidity 
the fungus fruits abundantly on the surface of the host, giving a greenish- 
black cast to the infected areas. Sporulation is especially prolific on the leaf 
sheaths, husks, and about the stalk nodes. Ear infection (Fig. 4) results 
in the development of black mycelium over the kernels. Invasion may take 
place through either the tip or the butt of the ear or directly through the 
husk. 

Infected plants, en masse, have a mottled, dead, grayish-green appear- 
ance as contrasted with the brilliant-green of resistant plants. This contrast 
is especially noticeable in crossing-fields where other inbreds are growing 
adjacent to the susceptible Pr. 

The symptoms on greenhouse seedlings, artificially inoculated, are not 
strikingly different from those on field-grown plants. Very small, light- 
green areas may be observed on seedling leaves as early as 14 to 18 hours 
after a spore suspension has been atomized on the plants. The lesions 
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enlarge rapidlv with concomitant water-soaking in the central area. Within 
7 days after inoculation the lesions are similar in appearance to those found 
on older plants in the field during the height of disease development (Fig. 
5) The lateral spread of the fungus in seedling leaves does not appear to 
be checked by fibrovascular bundles to the extent observed on older plants, 

and the lesions are thus circular in outline. i 

The symptoms caused by race 1 on resistant inbreds and hybrids (Fig. 
5, left) appear as small, yellowish-green flecks from 0.5 to 1 mm. in diameter. 



PIG 4 Ear rot of inbred Pr caused by Helminthosp^ium mydis race 1- Ear rot 
of other inbreds caused by B. maydis race 2 is indistinguishable. 

Such flecks have never enlarged and, in fact, have appeared to dimmish in 

size as the leaves expanded. c r. n 4 . j-c 

Examination of prepared sections of seedling leaves of Pr, fixed at dif- 
ferent periods following inoculation with race 1 of the fungus, show pene- 
tration to take place either directly or through stomata, within 16 hours 
after spores are placed in contact with the leaves. The progress of the 
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parasite in siisceptibie leaves is rapiu; wiiiiu 
relatively extensive areas of host cells are coiny 
mycelium. 

Penetration of resistant inbreds appears to 1 
Subseq^uent progress of the parasite, however, 
tration and the fungus hyphae are confined c 


Pig. 5. A. Seedling leaves of a resistant inbred inoculated with Eelminthosporium 
maydis race 1. Note small flecks where penetration has been effected but development 
of the parasite arrested. B. Seedling leaves of inbred Pr inoculated wdth E. maydis 
race 1. x about 
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Occasionally, however, a cell or two of the mesophyll have been found pene- 
trated. Observation of sections of inoculated resistant leaves have failed to 
disclose any morphological barrier to account for the cessation of develop- 
ment of the parasite. It is suggested that resistance in this instance is of 
a physiological nature. 

The symptoms produced by Helminthosporium maydis race 2 were first 
observed in 1939 on a proprietary inbred (Pig. 6), hut were so unlike those 



Fig. 6. Portions of fully developed leaves of a proprietary inbred infected by Hel 

mmthospormm maydis race 2. x about 


found on inbred Pr that the disease was not suspected of being caused by a 
species of Helminthospormm, After plating diseased tissue and observing 
scrapings from infected areas, the disease was, however, recognized as trace- 
able to a species of this genus. Reproduction of symptoms with pure cul- 
ture inoculations established the fungus as the responsible parasite. 

The symptoms in the field were characterized by irregular, elongated, 
chocolate-browui spots that coalesced to form extensive areas of dead tissue. 
Individual lesions on full-grown leaves ranged from mere flecks up to 3 x 20 
mm. in size. Coalescence was especially marked toward the tips of the 
leaves. 

Symptoms on artificially inoculated seedlings in the greenhouse are, at 
first, not easily distinguished from those on Pr seedlings caused by HeU 
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fnifithospofiufyi fudydis race 1. Within 3 or 4 ciajSj howeveij the general 
appearance of the infected areas change; and within 7 days narrow, elon- 
gated, dark-brown lesions without distinct zonation are in evidence. Symp- 
toms on seedlings of inbred Pr inoculated with race 2 are no different 
from those found on other inbred seedlings when parasitized by this race. 

Ears may be infected by race 2, as has been described for Hdmindho- 
sporkm maydis race 1 on Pr. The ear symptoms are indistinguishable 
from those caused by race 1. 

INOCULATION STUDIES 

The race classification of the fungus isolated from each specimen of dis- 
eased material collected was determined. 

A spore suspension of a pure culture obtained from a given collection 
was atomized on seedlings of various inbreds and hybrids. The symptoms 
produced and the inbreds attacked served as a basis for classifying the iso- 
lates into either race 1 or race 2. 

All isolates from inbred Pr parasitized the seedlings of this inbred with 
the production of characteristic symptoms as described above. All other 
inbreds and hybrids tested, including single crosses involving Pr, were 
highly resistant. These isolates were classified as race 1. 

Isolates from other inbreds produced the symptoms described above for 
race 2 on seedlings of all inbreds and hybrids tested. Some differences in 
susceptibility to race 2 were apparent among the various lines of corn 

TABLE 3 . — Eeaction of certain inbreds and hybrids in the seedling stage to Mel- 
minthospornm maydis, race 1 and race 2 


Inbred of 
hybrid 
tested 

Reaction of inbred or hybrid to — 

Race 1 

Race 2 

Pr 

Susceptible 

Moderately susceptible 

187-2a,»^ 

Highly resistant i 

Susceptible 

PIb 

n a 1 

, f f , ■ 

P.H.c 

it it -I 

it 

38-11 

a it i 

Resistant 

Ldg 

it it 

it 

187-2 

it it 

Busceptible 

4-8 

a it 

Resistant 

66 

a a 

Moderately susceptible 

L317 

it it 

Resistant 

Hy 

a it ■ . 

Moderately resistant 

•AV." 

it it . i 


540 

'it ■ /- tt 


R4 



90 

■ a ' . ■ it:'. 


WE9 

/ it it 


M14 

it it 


Tr 

: ' ''it it- ■ ■■ 


L 

it a 


Pr X Hy 

r, ; it -■ . , it 


Pr X 38-11 

■',6C /' ' it ■ . 


Pr X Tr 



“ Peeovercd line of 187-2. b Proprietary inbred. ^ Proprietary hybrid. 
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inociiiated, but uoue showed the high resistance to this race of the parasite 
that is characteristic of all inbreds and hybrids, with the exception of Pr, 
to race 1. 

A list of the inbreds and hybrids of maize tested for susceptibility to the 
two races is given in table 3. ’ ; 

In addition to testing the virulence of the two races of the fungus oil 
inbreds and hybrids of maize, a number of other hosts also were inoculated. 
These included wheat (Triticum aestivum Jj,), rye {Secale cereale h,), 
barley (Hordeum vulgar e L.), oats (Arena sativa L.), sugar cane (Sac- 
ckarum officinarum L.), sorghum (Sorghum vulgar e Pers.), Sudan grass 
(Sorghum vidgare sudanense (Piper) Hitch.), and rice (Oryza sativa 
L.). The small grains showed no evidence of infection by either race of the 
fungus, although susceptible inbreds of corn, inoculated at the same time 
and held under identical conditions, showed symptoms typical for each race. 
Cane, rice, sorghum, and Sudan grass showed minute purplish spots, which 
bore striking similarity to those produced on rice and cane when inoculated 
with OpMoholus heterostrophus Drechs. (2). The two races could not be 
separated on the basis of symptoms produced on these hosts. Furthermore, 
purplish spots appear on sorghum and Sudan grass following any injury to 
the tissues. 

Since the two races of the fungus were first observed, search has been 
made for wild-grass hosts of these parasites. Although a number of the 
grasses collected have shown infection by species of Helminthosporium, none 
of these parasites has proved parasitic on corn or has shown morphological 
similarity to H. maydis. 

DISCUSSION 

The apparently sudden and geographically widespread occurrence of 
Helminthosporium maydis race 1 in 1938 is difficult to explain. No report 
can be found in the literature of a specialized race of this species of the 
fungus, and it is doubtful whether any important outbreak of the disease 
caused by this race occurred prior to 1938. The abundance of moisture 
during the early spring and summer of that year undoubtedly played an 
important role in the spread and development of the disease. 

Seedlings arising from diseased kernels show abundant fruiting of the 
fungus near the soil line under conditions of high humidity. This has been 
observed, even when the seed has been treated with an organic mercury dust. 
Kernels that show no macroscopic evidence of infection frequently yield the 
fungus when surface-sterilized and plated on agar substrates. The sudden 
and widespread occurrence of the disease may thus possibly be explained 
by the fact that the fungus is carried on or within the seed. The establish- 
ment of the disease in any given area, however, is contingent upon proper 
environmental conditions. 

Although any explanation of the origin of this highly specialized race 
would be lacking in proof at the present time, certain hypotheses may be 
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iiioiitioiiGd. If this r&c6 is iiid.i^'Giions to the Corn Pelt it ImvG ©xisted 
as a parasite on opBii-pollinated corn j but, because ol the hctei()/\gosit\ of 
such corn, feAv plants may have been attacked and, as a eonseciuence, escaped 
notice. Another possibility is that this race existed as a saprophyte and 
became parasitic only when an inbred, homozygous for siis(‘eptibilit\\ was 
produced. It is also conceivable that this race may be a mutant type that 
arose from the less specialized form that has been re])<)rt(Hl from Bhorida (2) . 

It is possible that race 2 may he indigenous to tlie (^>rn Belt, btit 
escaped notice because of its low degree of virnlem^e. Its presence becomes 
conspicuous under circumstances of abundant moisture together with a 
relatively susceptible host.'" This race of the fungus also appears to he dis- 
seminated by carriage on or within the seed. 

SUMMARY 

A species of Helminthosporium was observed on certain inbred lines of 
maize in Indiana, Illinois, and Ohio in 1938 and 1939, whieli appears to be 
morphologically identical with H, maydis Nisik. and hike. 

Two morphologically indistinguishahle races of the species were recog- 
nized on the basis of hovst specialization^ symptoms produced, and virulence. 

It is proposed that race 1 of Helmmthosporhim maydis include the para- 
site that has thus far been limited in its parasitism to only tlie one inbred, 
Pr, and that produces the distinctive symptoms on this inbred, as described. 

All isolates from Pr attacked only this inbred ; other inbreds and hybrids 
tested, including single crosses involving Pr, being highly resistant. 

It is proposeeP that race 2 of Helminiliosporinm maydis include the 
parasite of a somewhat wider host range, which, under field conditions, has 
been observed on inbred 187-2 and a number of proprietary hibreds, and 
produces the characteristic symptoms, as described, distinct from those 
produced by race 2 on inbred Pr. Race 2 has been found to be less virulent 
on its inbred hosts than race 1 on Pr. 

Hypliae of both races of the fungus penetrated the leaves of sugar cane, 
rice, sorghum, and Sudan grass and this wms followed by the development 
of small purplish spots. The races are not separable on the basis of symp- 
toms found on these hosts. 

It is suggested that race 1 may be indigenous to the Corn Belt and has 
been parasitic on open-pollinated corn, but escaped notice because only a 
few plants of such heterozygous corn were attacked. The fungus also may 
have existed largely as a saprophyte until an inbred, homozygous for sus- 
ceptibility, was produced. Another possibility of the origin of race 1 sug- 
gested is that it arose as a mutant from the less specialized type known to 
occur in Florida. 

Race 2 also may be indigenous to the Corn Belt, but, because of low 

Tlyougli tlie courtesy of J. G-. Hickson and E. Stevenson tlie writer had opportunity 
to examine a pure culture of Helmv/ithosporiiim maydis isolated by them from material 
collected in southwestern 'Wisconsin. On the basis of symptoms it produced and inbreds 
attacked, this culture could be classed as maydiSy mee 2. 
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Yirulenee, escaped recognition nntil proper environmental conditions eiisned 
and a relatively susceptible host was present. 

Both races appear to be spread by means of infected seed. 

Division OP Cereal Crops AND Diseases, 

Bureau OP Plant Industry, 

In cooperation with Purdue University 
Agricultural Experiment Station, 

Lafayette, Indiana. 

literature cited 

1. Boning, K. Helminthosporiosen an Mais. Prakt. Bl. Pfiaiizenb. 16: 159-167. 1938. 

2. Drechsler, Charles. Leaf spot of maize caused by Ophioholus heterostrophus n. sp., 

tlie ascigerous stage of a Eelminthospormm exhibiting bipolar germination. 
Jour. Agr. Res. [U. S.] 31: 701-726. 1925. 

3 ^ , Phytopathological and taxonomic aspects of OpMoholus, Fyrenophora, 

Eelminthospormm, and a new genus, Cochlioholus. Phytopath. 24: 953-983. 
1934. 

4. Nisikado, y., and C. Miyake. Studies on two diseases caused by Eelminthosporium 

turcieum Passerini and OpMoholus heterostrophus I)rechs. = S’. Nisikado 

et Miyake. Berichte Ohara Inst, fur landwirtsch. Forsch. 2: 221— 266. 1926. 

5. Sherbakoff, C. D., and L. S. Mayer. Black ear rot of corn. Phytopath. 27: 207. 

1937. 

6. Stout, G. L. New fungi found on the Indian corn plant in Illinois. Myeologia 22: 

271-287. 1930. 


EXPERIMENTAL PRODUCTION OF SYMPTOMS IN SO-CALLED 
RECOVERED RING-SPOT TOBACCO PLANTS AND ITS BEAR- 
ING ON ACQUIRED IMMUNITY'’ - 

W.D.VALIiEAU 

(Accepted for publication October 15, 1940) 

Since Wingarcrs (12) observations that tobacco plants with the ring-spot 
virus disease gradually take on more normal growtli without ring patterns 
and ^^seem to develop an immunity to the ring-spot disease/^ Price (4, 5, 
6, 7), in a series of papers, has supported the claim that such plants actually 
recover and, because second inoculation does not repeat the symptoms of 
the first, they acquire immunity. The assumption that plants acquire im- 
munity from viruses as a result of a previous attack, and that ^‘the prin- 
ciples involved are the same as those made use of in human and animal 
pathology for immunization by vaec^ation’’ (3), is one that p>lant patholo- 
gists should study with great care before accepting. At the present time 
there are those who accept this assumption as a proved fact, while there are 
others, equally familiar with the facts, who see in the evidence presented 
nothing fundamentally different from what has been known of fungus and 
bacterial plant diseases for years. 

The acquired-immunity assumption is about as follows : A group of cells 
of a plant invaded by a virus is considered immune from the virus already 
present, or from a closely related strain of the same virus, because second 
inoculation does not repeat in the invaded tissue the symptoms character- 
istic of those usually produced by primary infection with the second virus. 

Would one expect to be able to produce a second perfect stand of blue- 
grass by reseeding a lawn that already has a perfect stand of grass f If this 
could not be done, would the soil be considered to have acquired an im- 
munity from bluegrass? In the writer ^s opinion the two phenomena are 
comparable. 

This paper is eoiieerned with the symptoms produced by tobacco plants 
that have passed the typical ring-spot stage, and the bearing of these symp- 
toms on the assumption that the plants have recovered and have acquired 
immunity from the virus. 

VIRUS STRAINS 

During the winter of 1939-40, a study was made of 6 strains of the ring- 
spot virus. Four were collected in the field in 1939 by saving seed from 
ring-spot affected plants, 1 was received from S. G. Lehman, North Carolina, 
and another was the yellow ring-spot virus, previously studied by the writer 
(8), which had been stored in seed. Four strains caused chlorosis of seed- 
lings, when seed-transmitted, and varying degrees of yellowing of leaves of 

iThe investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
Director. • 

2 King award paper, Kentucky Academy of Science, 1940. 
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so-called recovered’^ plants ; one caused very slight bleaching of old leaves, 
and another was non-yellowing. Each strain produced slightly different 
symptoms from each of the others and may be considered to be distinct 
(Table 1, Fig. 1, A-D). The fact that in random collection of ring spot 6 
distinct strains were found, no two of which affected plants similarly, illus- 
trates the complexity of the strain problem and the present impossibility of 
describing strains with sufficient accuracy to enable one to distinguish newly 
collected strains from those already described. Confusion would arise if 
each new strain were given a Latinized varietal name, as Holmes has pro- 
posed. 

All 6 strains were transmitted through seed and transferred from 
affected seedlings to Kentucky No. 16 Burley plants. These were then set in 
duplicate in a ground bench in the greenhouse. Opportunity was taken 
during this study to vary the temperature in the house in order to produce, 
if possible, the leaf-edge symptoms on so-called recovered plants and to note 
the effect, if they developed, of the different strains of virus on the severity 
of symptoms. 


TABLE 1 . — Comparison of six strains of ring-spot virus on No, 16 Burley toT)aceo 


Virus 

strain 

Seed 

trans- 

mission 

Color of 
seedlings 

Pield symptoms 

Symptoms of 
inoculated plants 

Injury in 
^ ^ recovered ’ ^ 
leaves at 
reduced 
temperature 

92-1 


Yellow 

Yellow patterns 

Patterns necrotic 
to chlorotic 

-{-# 

92-9 

+ 

Yellow 

Necrotic 

patterns 

Severe necrosis 
and distortion 

-f 

92-10 


Yellow 

^ ^ Recovered ^ ^ 
portion 
yellow 

Slight necrosis 
and yellow 
patterns, no 
distortion 

— e \ 

92-11 

-f- 

Yellow 

^ ^ Recovered ^ ’ 
portion 
yellow 

Severe necrosis 
and distortion 


92-4 

+ 

Green 

Patterns green 
to necrotic 

Patterns necrotic 


92-7 

+ 

Green 

Patterns green 
to necrotic, 
nearly com- 
pletely sterile 

Severe necrosis 
and distortion, 

‘ ‘ recovered ^ ^ 
leaves bleached 
slightly 

+ -f + +‘5 


Virus transmitted through seed. 
b++ Indicates mild leaf-edge chlorosis and necrosis. 

c + Necrosis. 

+ Indicates very severe injury. 

Indicates slight necrosis and yellow patterns; no distortion. 

JPRODUCTION OP LEAP-EDGE CHLOROSIS AND NECROSIS IN SO-CALLED RECOVERED 

" PLANTS 

Tke plants were inoculated and set in the ground bench J anuary 3, 1940. 
Severe necrotic distorting ring spot developed in 5 pairs of plants, causing 
stunting. The 2 plants inoculated with the original yellow ring-spot virus 
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Fig. 1. A-D. Effect of 3 yellowing strains of ring-spot virus on comparable leaves 
of Kentucky No. 16 Burley tobacco plants in the so-called recovered stage in comparison 
with a leaf A from a healthy plant. Leaf B is affected with the original yellow ring 
spot strain, leaves G and B, with strains collected in 1939 in seed. The differences in 
chlorosis shown in leaves C and D are typical for the other leaves of these plants. The 
fourth yellowing strain studied caused chlorosis intermediate between leaves B and C. 
Note the pinched tip on leaf C caused by reduced temperature when the leaf was small. 
E. Leaves from plants affected with a non-yellowing strain of ring-spot virus. The tip 
and edge symptoms developed at a temperature of about 20° C. after which the tempera- 
ture was raised to about 25° C., when rapid expansion of the leaves occurred, except in 
the affected border tissue. Photographed March 4, 1940. 
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developed yellow patterns with very slight necrosis and no stunting (92-10, 
Table 1). These 2 plants grew as rapidly as did the check pair throughout 
the test, and showed no further leaf symptoms other than general chlorosis 
of the leaves soon after formation (Fig. 2, A). By January 27, all plants 
were making growth free from ring-spot patterns and bad entered the stage 
of so-called recovery. The temperature of the greenhouse during this time 
had been maintained at about 20° C., measured just above ground level in 
the shade of a leaf. The new leaves of 5 pairs of aJSEected plants all devel- 
oped tip and leaf-edge chlorosis and necrosis, the severity of which was in 
direct proportion to the degree of necrosis during the ring-spot stage. One 
yellowing strain (92-11, Table 1) caused slight leaf-edge symptoms and less 
bleaching of older leaves than the original yellow strain. Two other yellow- 
ing strains caused prominent leaf -edge chlorosis and necrosis and still less 
bleaching of old leaves. The slight yellowing (92-7, Table 1) and the non- 
yellowing strain (92-4, Table 1) caused severe leaf-edge symptoms of nearty 
the same degree (Fig. 2, B). 

On February 16 the temperature was raised, vai^ying from 24 to 28° 0., 
just above the surface of the ground. During 9 days^ exposure to this tem- 
perature leaves with tip and edge symptoms increased in size rapidly, but 
the more severely affected leaves hooked back sharply at the tips and edges, 
making a cup of the under side of each leaf (Fig. 1, B). All new leaves 
were apparently normal. 

On February 25 the temperature was again reduced to about 20° C. for 
the ensuing 4 days. In 2 days the growing-point leaves of the plants that 
had not reached the blooming stage again showed leaf -edge necrosis or 
chlorosis, and leaves about i grown developed prominent leaf-edge chlorosis. 
The degree of necrosis and chlorosis corresponded to that which developed 
during the earlier low temperature period. On February 29 the tempera- 
ture was again raised to about 25° C., and subsequent new growth was 
normal. During the entire period the 2 noninoculated plants and all other 
plants in the greenhouse made normal growth.^ 

During the second period of low temperature, potted seedlings that had 
been infected with a non-yellowing strain of virus through the seed, but were 
on a bench with bottom heat and, consequently, making about normal 
growth, were set on the ground bench and subjected to the low temperature. 
In 3 days they had developed distinct chlorosis of the tip thirds of the 
younger leaves and would be readily recognized as infected with the ring- 
spot virus, although they had never produced ring patterns. 

3 Prom July 1 to 18, 1940, tlie average minimum temperature at Lexington was 
13° C. During and following this period several ^ ^ recovered ring-spot plants were 
seen in the field that showed typical cold effect in the young leaves. The blade tissue 
of the basal half of one and | of another leaf were necrotic. The tip portion of each 
of these leaves bore typical ring spot patterns, while the remaining necrotic portions 
were in the ^/recovered zone of the plant. The blade of a third was completely 
necrotic, while the tips of 3 smaller leaves were necrotic. The ^ ^ recovered ^ ^ portion no 
longer developed ring-spot patterns, but was so severely injured as to be valueless. 
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Pig. 2. A. Plant of No. 16 Burley affected with original strain yellow ring spot 
and grown at a temperature of about 20° 0. The tips of the leaves at the left and right 
are of the normal green color; the remainder of these leaves and those above are all 
chlorotic. The low temperature caused no leaf -edge symptoms on plants affected with 
this strain of the virus. Print from Kodachrome on direct positive paper. B. Plant 
(92-7) of Kentucky No. 16 Burley tobacco inoculated when set in the ground bench 
January 3, with a faintly yellowing strain of ring spot. The temperature was main- 
tained at about 20° G. Two necrotic distorted ring-spotted leaves can be seen at the 
left. The middle ^ ^ recovered ’ ^ leaves are curled downward along the edges and are 
chlorotic between the secondary veins. The upper leaves are chlorotic to necrotic and 
distorted. At the right is a plant affected with the original strain of yellow ring spot. 
The leaves of the latter have spread normally and, except for the gradual bleaching, 
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POLLEN STERILITY 

Following blooming, the anthers and pollen of healthy and affected 
plants were examined. Healthy plants produced abundant pollen, which 
resulted in a normal set of seed. The yellow ring-spot plants (92-10) pro- 
duced a moderate but reduced amount of pollen, which proved to be over 
9 per cent aborted. Each of the remaining 5 strains of the virus caused a 
high degree of pollen sterility, varying from apparent complete absence of 
pollen in numerous flowers examined to an occasional flower in which an 
appreciable amount of pollen was present. The filaments on affected plants 
were frequently too short to reach the stigma, whereas normal filaments 
place the anthers on a level with the stigma. 

SEED SET 

The effect of pollen sterility on set of seed is shown in table 2 and figure 3. 
The seed heads from ring-spot plants were in most instances larger than 
those on healthy plants because of continued growth and blooming, which 
followed failure of seed set, so that differences in seed set are actually 
greater than are shown. Because of poor pollen development, numerous 
blossoms failed to set and fell off ; or, if they set, the pods contained few 
seeds and the ovary walls were shrunken and wrinkled. Certain strains of 
the virus caused almost complete sterility,- others resulted in from few to 
a normal set of pods, but with a greatly reduced number of seeds per pod. 
The original strain of yellow ring spot, which caused no distortion of leaves 
at reduced temperature, following so-called recovery, set the largest amount 
of seed of the affected plants (92-10, Table 2). 



Pig. 3. Yield of seed from healthy and ring-spot tobacco plants. Left to right: 
Healthy, 92-10, 92-1, 92-9, 92-11, 92-4 and 92-7. 


DISCUSSION 

In defending the assumption that ring-spot-affected plants recover from 
the disease and acquire immunity. Price, in his recent paper (7), completely 
ignored evidence pertinent to the question. This evidence is as follows : The 
yellowing strains of the virus, when seed-transmitted, produce in very young 
seedlings striking chlorosis that persists to a greater or less degree through- 
out life, and produces a condition that anyone would recognize as disease, 
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TABLE 2.— Yield of seed from a healthy plant and from plants infected with differ- 
ent strains of the ring-spot 


Plant 


Healthy 
92-10, pL 
92-10, pi. 
92-10, pi. 
92-9, pi. 
92-9, pi. 
92-4, pi. 

92-4, pi. 
92-4, pi. 
92-1, pi. 
92-11, pi. 
92-11, pi. 
92-7, pi. 
92-7, pi. 
92-7, pi. 


1 

1 

2 

1 

4 

1 

1 

2 

2 

1 

2 

1 

2 

2 


Pods 

Total seed 

Average seed 
per pod 

Comiiients 

No. 

grams 

grams 


86 

10.0 

0.116 


17 

0.4 

0.023 

Primary flower stalk 

62 

2.2 

0.035 

Ijateral flower stalk 

23 

1.0 

0.043 


14 

0.16 

0.011 


60 

1.75 

0.029 

: 31 seeds, primary 
flower stalk 

1 



12 

0.08 

0.007 

Lateral flower stalk 

80 

0.47 

0.06 


78 

1.26 

0.016 


0 

0.0 

0.0 


1 



116 seeds 

Eew 



1 3 to 10 seeds per pod 

0 

0.0 

0.0 

1 Primary flower stalk 

1 

0.0 

0.0 

1 Secondary flower stalk 



even in the entire absence of any ring patterns. The non-yellowing strains 
and some yellowing strains produce easily recognizable symptoms in infected 
seedlings subjected to a temperature of about 20'" C. These symptoms can 
be reproduced at any time during the growth of the plant by subjecting it 
to reduced temperature. The relation of low temperature was pointed out 
by Valleau in 1932 (8). At that time Price also recognized leaf -edge 
necrosis and chlorosis as a symptom sometimes occurring on the leaves of 
'' recovered ’’ plants (4). Pollen sterility is caused by all strains thus far 
studied. This symptom can be seen by examining anthers, which frequently 
contain no pollen ; by examining for aborted pollen grains where there ap- 
pears to be an abundant supply; or by examining seed pods, which are fre- 
quently shrunken or, if not shrunken, contain an abnormally small number 
of seeds. Price (7) admits that ‘‘recovered plants appear to grow some- 
what less rapidly than healthy plants’^ and have leaves that are “slightly 
darker in color, somewhat thicker and of a more leathery texture. But it 
would seem that the only symptom of the ring-spot disease which he is will- 
ing to recognize, in connection with the assumption of acquired immunity, 
is ring and line patterns. 

Yet there is good reason to believe that ring-spot-affected plants can be 
kept continuously in an abnormal condition (Pig. 2, B) if grown at about 
20° C. following so-called recovery. Leaf-edge chlorosis, necrosis, distor- 
tion, and pollen sterility are as definite symptoms of disease as ring pat- 
terns; plants, therefore, cannot be considered to have recovered when ring 
patterns are no longer produced. The conclusion seems inevitable that 
there are 2 distinct phases of the disease : 1. That in which mature, rela- 
tively old tissue is invaded, following inoculation, with the production of 
ring and line patterns, as the virus is carried to and scattered in leaves 
higher and higher on the plant. During this period only the patterned 
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tissue or that included within a pattern is virnliferoiis. The remaining 
parts of affected leaves are virus-free and healthy. 2. That in which em- 
bryonic or at least very young tissue is invaded, resulting in nearly uni- 
formly invaded leaves without ring patterns. These leaves become slowly 
or rapidly chlorotic, depending on the strain of virus (yellow) present (Fig. 
1, A-D, and 2, A) ; or develop more or less severe leaf-edge symptoms, de- 
pending upon the virus strain, if the plants are grown at a temperature 
below optimum (Fig. 2, B) ; or take on the appearance of normal healthy 
leaves if the virus is non-yellowing and the plant is grown at a temperature 
of about 25° C. or above. 

A sudden change in symptoms following invasion of young tissue is not 
limited to tobacco ring spot. Tomato plants affected with mixed virus 
streak develop severe streaking during the period of invasion of healthy 
tissue but, later, when very young leaves are being invaded, such plants 
develop mosaic mottle with little if any necrosis or streak. Tobacco plants, 
affected with a burning strain of tobacco-mosaic virus, develop severe necrosis 
in young leaves just too old to develop mottle patterns ; but younger leaves 
develop typical mosaic mottle with little if any necrosis (11). Tobacco 
plants infected with the tobacco-streak virus develop severe necrosis of the 
stalk and younger leaves and slow necrosis of older leaves, as they are in- 
vaded, but, following invasion of embryonic tissue, no further necrosis 
occurs; a speckled type of mottling develops (2), hardly visible in plants 
growing in the field. Greenhouse-grown plants, however, are frequently 
prominently mottled and, as such, should not be considered recovered or 
healthy. Potato plants affected by the yellow-dwarf virus develop severe 
necrosis as the virus invades mature tissue, but, following invasion of em- 
bryonic tissue, take on a set of symptoms properly termed chronic by Black 
(1). While Price (7) lists yellow dwarf as one of the diseases from which 
plants recover’’ it is worthy of note that potato growers are not willing to 
plant ^‘seed” from so-called recovered plants in commercial plantings as a 
means of controlling the disease. It seems obvious that plant parts, in- 
fected when mature, are affected by the virus in a manner different from 
that affecting those plant parts developing from tissue infected in the em- 
bryonic stage. But are we justified in concluding that the plants recover 
simply because the second set of symptoms differ from the first ? 

Price (7) has divided acquired immunity into the chronic-disease type, 
and the carrier type. Tobacco mosaic is a good example of the chronic-dis- 
ease type. The plant obviously does not recover from tobacco mosaic as 
the virus continues to lag somewhat behind the embryonic tissue of the 
growing point ; therefore, the plant continues to produce patterns. In the 
carrier type, represented by ring spot, the virus finally invades at least a 
part of the embryonic tissue of the growing point, and the subsequent leaves 
are more or less uniformly invaded as they develop and produce no definite 
ring patterns. There is then no fundamental difference between the chronic- 
disease type and the carrier type, the difference being apparently in the 
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extent to which embryonie tissue is invaded in the tw^o diseases and the 
ability of the viruses to produce an obvious effect in young leaves. 

Price (5, 7) has reasoned that, because the so-ealled recovered leaves of 
ring-spot plants contain only -J as much virus as the patterned leaves, this is 
added evidence that the plant has developed immunity. He states ^‘The 
cells of recovered plants are not, as Valleau suggested, i)arasitized to the 
same limit as the cells of diseased plants’' (5). This reference is to a criti- 
cisni of the acquired immunity theory by Valleau (9). The statement re- 
ferred to by Price is as follows: 'Hnoeulation of patternless Ieav(\s is with- 
out effect, as the cells are already parasitized to the limit.” This statement 
makes no comparison of virus content of ring-spotted tissue with ''recov- 
ered” tissue, but merely refers to the fact that the addition of one more 
virus particle to a cell in which the virus has already multi])! ied to its then 
possible limit should have no visible effect. It has not been demonstrated 
that the difference in virus content between cells invaded when mature and 
those invaded in the embryonie stage, is proof of the development of im- 
munity. Is there any reason to suppose that cells, parasitized at the time 
of, or very soon after formation, and, consequently, diseased throughout life, 
should be capable of producing virus-precursor materials in as great quan- 
tity as cells that were invaded by virus when in a mature, vigorous condition 
and well-stocked with virus precursor ? The diff'erenee in virus content in 
so-ealled recovered leaves and in patterned leaves may be in direct propor- 
tion to the virus-precursor material present when the cells were first in- 
vaded. It is not beyond reason that hypersensitivity of mature tissue to 
certain viruses, including ring spot, is the direct result of sudden change of 
a considerable quantity of precursor material into virus, resulting in an 
upset within the cell sufficient to cause its death ; whereas the cell readily 
adjusts itself to the gradual change that takes place if infected in the em- 
bryonic stage and precursor material be gradually changed to virus. 

The whole discussion of whether or not a plant develops immunity from 
a virus necessarily hinges on the definition of immunity. Immunity as de- 
fined in the Encyclopedia Britannica, 14th Edition, is as follows : '”rhe term 
immunity is used in science in the technical sense. An animal is described 
as naturally immune against the microbe of a disease if the microbe in ques- 
tion cannot establish itself in the organism, and is artificially immune if it 
was naturally susceptible and has been rendered insusceptible.” If we ac- 
cept this definition for immunity, it is only necessary to show that the newly 
formed tissue of a tobacco plant that has "recovered” from ring spot is 
constantly being invaded by the virus, to prove that the plant is still sus- 
ceptible and, therefore, b}^ definition, cannot be considered immune. Price 
(5) demonstrated by his series of 10 successive cuttings from ring-spot 
plants a fact that was already known, namely, that the virus continues to 
multiply indefinitely in "recovered” ring-spot plants as they make new 
growth. The newly formed cells soon become invaded and, therefore, must 
be considered susceptible. 
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Price (7) defines acquired immunity as ‘I the specific resistance an indi- 
vidual organism acquires to a disease/^ This definition seems to mean that 
immunity is resistance to the development of symptoms. This is apparently 
a new use for both the terms immunity and resistance as both are commonly 
thought of in connection with the relation between the host and the parasite 
rather than with respect to the development of specific symptoms. Does the 
definition mean that immunity and resistance are synonymous t and is it the 
disease or the causal agent of the disease to which an organism (plant) 
acquires resistance or immunity? or are disease and causal agent considered 
synonymous? If resistance and immunity are considered synonymous 
should the definition for immunity or for resistance apply ? If resistance 
to the causal agent is implied, what degree of resistance constitutes im- 
munity ? If resistance to the development of symptoms of the disease is 
meant, how much must symptoms be suppressed before the plant can be 
considered immune? What is meant by the word specific? Does it refer 
to specific resistance of the plant to the development of a given symptom, 
such as the ring-spot symptom, and disregard all other symptoms, such as 
general chlorosis and pollen sterility? It would seem that these questions 
must be cleared up before this definition of acquired immunity can have 
any meaning.' , 

What is the actual evidence that ring-spot plants develop immunity from 
reinfection by other strains of the same virus? Affected leaves of a tobacco 
plant, in the so-called acute or ring-spot stage, are not immune from rein- 
fection, for, if one will inoculate the normal blade tissues between necrotic 
spots or rings, as the writer has done on several occasions, with the same 
virus, or with another strain, the second inoculation will be effective and will 
cause a second set of spots to develop. The tissues between the spots are 
uninvaded by virus and, consequently, are as susceptible as similar tissue 
on a noninoculated plant. It may, therefore, be concluded that plants in 
the acute or ring-spot stage are not immune. 

If the plant as a whole is to be considered to develop immunity following 
so-called recovery, then new growth originating from any part of the plant 
should be immune. Valleau (10) demonstrated that an inoculated tobacco 
plant may '(recover,’’ and, as much as a year later, if cut back to a dormant 
bud, may push out a virus-free shoot, which finally becomes invaded, de- 
velops typical ring patterns, and ultimately "recovers” again. He (8) also 
demonstrated that a plant infected through seed with ring-spot virus maj^ 
grow for a year without producing any ring patterns and, then, when cut 
back to a dormant bud, produce a shoot in which typical ring patterns are 
produced, followed by so-caUed recovery. Therefore, it may be concluded 
that the plant as a whole is not immune from the virus already present but 
may develop virus-free susceptible tissue that is finally invaded in exactly 
the same way as a healthy, recently inoculated, plant. 

That not even the "recovered” portion of a ring-spot plant is immune 
from reinfection by another strain of the ring-spot virus is brought out by 
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studies reported by Price. He (7) demonstrated that cuttings of plants 
that had “recovered” from what he called ring spot No. 1 and green ring 
spot developed chlorosis slowly, after inoculation with the yellow ring-spot 
virus (same virus as 92-10, Table 1) not only at the points of inoculation 
but in leaves higher on the plant, until finally the plants showed chlorosis 
typical of yellow ring spot in all subsequent growth. Apparently, the yel- 
low ring-spot virus had largely replaced the original virus. It is obvious 
that the plants had neither been rendered immune from yellow ring spot 
virus by “recovery” from ring spot No. 1 or green ring spot, nor had they 
been protected against infection by the second strain of the ring-spot virus. 
Yet, there seems to be no doubt that all 3 strains are closely related. The 
obvious explanation seems to be that the second virus was able to become 
established in an already invaded leaf and, because of superior qualities of 
reproduction, was able gradually to supplant the first virus. Price claimed 
that yellow ring spot gave complete protection against ring spot No. 1 and 
green ring spot and that the latter two gave complete protection against one 
another, and concluded that all three viruses were eloseljy related. There is, 
however, no proof that the second virus (non-yellowing) in each case did not 
become established in yellow ring-spot plants, just as the yellow ring-spot 
virus had, but could not manifest itself because of inability to cause necrotic 
ring patterns in tissue already invaded by a closely similar strain, because 
it lacked the ability to cause chlorosis or because of inferjor qualities of 
reproduction. The writer succeeded in producing yellow spots on “recov- 
ered” leaves of a Burley plant infected with ring-spot virus (92-4, Table 1) 
by inoculating with the yellow ring-spot virus. It may be ^^tentatively con- 
cluded that “recovered” invaded tissue is not actually completely protected 
against reinfection by a second strain of the same virus. This conclusion 
naturally raises the question as to the value of the so-called immunity reac- 
tion in the classification of strains of the ring-spot virus in instances \vhere 
complete protection is not afforded. 

A critical analysis of other reported cases of the development of im- 
munity in plants by infection with one strain of a virus against other strains 
will lead to the conclusion that the phenomena can be more easily and satis- 
factorily explained by competition between virus strains than by assuming 
the development of immune bodies, such as seem to develop in animals ren- 
dered immune from reinfection by a previous attack, even though the loca- 
tion of the immune bodies be considered limited entirely to invaded tissue. 

CONCLUSIONS 

Six strains of the ring-spot virus collected at random proved to be dis- 
tinct from one another, suggesting that numerous strains exist in nature. 
The inadvisability of applying a Latinized trinomial to each strain is 
mentioned. 

Tobacco plants that have “recovered” from the ring-spot stage produced 
by 5 strains of the virus developed prominent leaf chlorosis and necrosis 
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wTien subiected to a temperature of about 20° G., ivbereas nearly normal 
nwth occurred at 26° C. This appears to be proof that the plants do not 
(' .rrtfspo., simply enter . different phmse of the d™ _ 

Each of the 6 strains of virus caused pollen sterility, whmh grea y re 
ri ttpri the auantity of seed produced. If seed were the chief commercial 
product of the tobacco plant sterile plants would not be recognized as having 

'"^'"'TSto plants in the acute ring-spot stage are not immune from rein- 
fection in uninvaded tissue. Plants that have “recovered may produce 
Jhoots that finally develop typical ring spot, indicating that the P^ant as^a 
whole is not immune following “recovery.” Plants that have recovered 
are still apparently susceptible to reinfection by a more virulent strain 

'^%?raylTcoimluded that tobacco plants do not recover from ring spot 
but enter upon a different phase of the disease following invasion of the 
.IrvoSc tissue. All new tissue produced by affected plants is susceptible 
to the virus. There is no conclusive evidence that infection with one strain 
of ie ring-spot virus confers immunity from other strains. The phe- 
nomenon can be simply explained by competition between virus strains. 

University OF Kentucky, 

Lexington, Ky. 
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THE INHERITANCE OP RESISTANCE TO POWDERY MILDEW 
(ERYSIPHE CICHORACEARIJM) IN LETTUCE 

Thomas W . Whitaker and I) e a n E . P r y o r 
(Aceeiited for publication Noveuiber 1, 1940) 

introduction 

As one unit in a general program of investigation into the pathologic 
and genetic problems of lettuce, the organism causing powdery mildew 
{Erysiphe cicJioracearum DC.) of lettuce and the inheritance of resistance 
to the disease have been studied. Powdery mildew seems to be of no great 
economic importance on outdoor lettuce j but, according to Thompson,^ may 
cause considerable damage in the greenhouse, and there the use of resistant 
varieties is advised. 

Previous reports of the occurrence of Erysiphe cichoracearum on LaC’ 
tiica scariola L. and L. sativa L. (the species used in this study) are frag- 
mentary and in the absence of perithecia the fungus may liave been confused 
with other powdery mildews. Salmon,'-^ in 1900, recorded it on several 
species of Lactuca. Seymour^ (1929) listed maiw species of Lactiica as 
susceptible but stated that it had not been reported on L. scariola in North 
America. Hashioka'^ has described Sphaerotheca fuliginea var. humili 
(Sehl.) Salmon on L. indica var. dragoglossa. For these reasons the vegeta- 
tive and fruiting characteristics of the organism used in this study are 
recorded in detail. 

Several collections of wild lettuce {Lactuca scariola) used in this study 
have yielded progenies that are homozygous for susceptibility to powdery 
mildew, while a majority of the cultivated varieties of lettuce (JD. sativa) 
tested have been resistant to this disease. Crosses have been made between 
plants of the susceptible wild lettuce mentioned above and the resistant cul- 
tivated variety. Imperial 850. These crosses have provided data for an 
analysis and interpretation of the inheritance of resistance to the strain of 
powdery mildew found in Southern California. 

It is the purpose of this paper to describe this collection of Eryisplie 
cichoracearum on Lactuca scariola and to present an analysis of the inheri- 
tance of resistance to the disease in L. scariolaxL, sativa crosses. 

MATERIALS AND METHODS 

Plants to be tested for their reaction to powdery mildew were inoculated 
in a reasonably air-tight, glass-sash chamber, constructed for this purpose. 

1 Thompson, R. C. Improvement of salad crops. TJ. S. D. A., Yearbook, p. 326-339. 
1937. 

2 Salmon, E. S. A monograph of the Erysiphaceae. Torrey Bot. Club Mem. 9: 
1-259. 1900. 

3 Seymour, A. B. Host index of the fungi of North America. 732 p. Harvard 
University Press (Cambridge). 1929., 

'tHashioka, Y. Specialization in Sphaerotheca fuliginea (Sehlecht.) Poll. Ann. 
Phytopath. Soc. Japan 8 : 113-123. 1938. 
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Tlie interior of the chamber was sprayed with water, and, after placing the 
plants in it, they were inocnlated by atomizing* a spore suspension in water 
on both leaf surfaces. This appeared to be the best method for obtaining a 
uniformly severe epiphytotic. 

As a rule the plants remained in the chamber 24 to 48 hours. Partial 
shading, and a temperature of about 20° C. during inoculation and incuba- 
tion seemed to produce maximum disease development. In many cases the 
inoculation was repeated to insure the development of the disease on all 
susceptible plants. 

Microscopic observations of the organism were made on the leaves in situ 
or in water mounts. 

The plants of Lactuca scariola used in these experiments were grown 
from seed obtained from a single plant collected near Boulevard, California, 
at an elevation of about 3000 feet. These plants and progeny from them 
have been under observation over a period of three years. During this time 
they have proved to be very uniform in all morphological characters. Fol- 
lowing is a description of typical plants : 

Leafy stemmed annuals ; erect, often branching from the base ; 4 to 5 
feet high ; stems and mid-veins on dorsal surface of leaves hirsute ; leaves 
oblongate, unlobed ; no pigment in either stems, leaves, or involucre ; ligules 
yellow; achenes small, dark-brown. Repeated tests over a period of three 
years gave evidence that plants from this collection and their progeny are 
homozygous for susceptibility to powdery mildew. 

Imperial 850, used as the immune parent, is a crisp-leaf type of lettuce, 
grown in a limited way for the summer or spring planting in certain of the 
lettuce producing regions. During repeated tests it has been shown to be 
homozygous for resistance to this strain of Erysiphe cichoracearum, 

experimental results 

Description of the Disease and Organism 

Symptoms, After an incubation period of 6 to 10 days from inoculation 
the mycelium appears first on the ventral leaf surface as small isolated 
circular patches 1 to 2 mm. in diameter when first macroscopically visible. 
Later the powdery tufts of white conidia develop (Fig. 1, A). The myce- 
lium continues to spread until in very susceptible plants it entirely covers 
the leaf (Fig. 1, B). During the spread of the organism the leaf tends to 
curl either downward or upward at the margin. As the disease becomes 
more severe the leaf turns yellow (compare with Fig. 1, C). Finally it 
becomes brown, withers, and dies, but continues to cling to the stem. In 
older plants the seed stalk is attacked; however, injury from this source 
seems negligible. 

Organism. The white persistent mycelium is confined largely to the 
ventral leaf surface, a position which seems characteristic for Lactuca 
scariola whether the disease develops in the field or in the greenhouse. 
Shortly after the mycelium becomes macroscopically visible, conidia (Fig. 
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2, A) are produced. To aid investigators who are attempting to classify 
biologic races of Erysiphe cichoracearum on the basis of eonidial size, spore 
measurements are shown in table 1. The conidia are liyaline and usually 
elliptic, though sometimes almost dolioform. 



Fig. 1. Erysiphe cichoracearum on leaves of Lactuca scariola, A. Colonies with 
eonidia just appearing. B. Conidia and mycelium entirely covering leaf. C. Healthy leaf. 


TABLE 1 . — Measurements of the reproductive structures of Erysiphe cichoracearum 


Organ or 
plant part 

Number 

measured 

Eange 

Mean 

Length 

W'idtli 

Length 

Width 



M- : 

M- 



Conidia 

300 

33.8- 63.8 

18.8- 31.9 

45.38^ 

25.88b 

Perithecia 

4 

124.0-169.0 

124.0-169.0 

137.2 

137.2 

Cells in perithecia 

9 

11.0- 30.0 

8.0- 26.0 

17.6 

13.0 

Asci 

9 

64.0- 86.0 

34.0- 49.0 

77.3 

42.6 

Stalk 

5 

9.4- 15.0 


11.3 


Aseospores 

16 

30.0- 45.0 

15.0- 26.0 

34.9 

19.1 


a Standard deviation ± 4,767. 
i> Standard deviation ± 2.91 8. 


Upon many hosts of Erysiphe c^c/lorc^cean6m peritheeia seldom develop, 
making positive identification of the fnngns impossible. Fonr mature 
sexual fruiting bodies and several more immature ones were found on 
Lactuca soariola grown in a greenhouse during the early summer of 1940. 
A period of moderate temperature with overcast skies preceded their appear- 
ance. The perithecia (Fig. 2, B, C, D) are globose and gregarious, arising 
near a large vein or near the midrib. The numerous, long, septate appen- 
dages are densely intertwined, vaguely branched, and are distinctly broTO 



TO Powdery Middew 


Fig. 2. Asexual and sexual reproductive structures of ErysipTie cichoracearum. A. 
Conidia. x approximately 440. B. and C. Peritheeia in siUt, illustrating indefinite, 
tangled appendages. Note location with reference to leaf veins, x approximately 50. 
D. Peritliecium broken open in situ, x approximately 150. E. Ruptured peritlxecium 
exiiding asci. x approximately 440. P. Ascus containing two ascospores. x approxi- 


I 

i 
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adjEcent to tho fruiting' body, but lighter near the tip. Ihe Siize is \iniable 
(Table 1). The cells also vary considerably (Table 1), but are quite dis- 
tinct. There are several hyaline, stalked asei (Fig. 2, B ; Table 1) per 
peritheciuin and they are elliptic to irregularly elliptic in shape. Each 
mature ascus contains two ovate to ellipsoidal ascospores (iig. 2, F; 
Table!). 

Inheritance of Eesistance 

Crosses were made using Imperial 850 as the maternal parent. The Fi 
plants from this cross w'ere extremely vigorous and typical of first-generation 
hybrids between cultivated head lettuce and Lactuca mviola. The plants 
formed a thick rosette of basal leaves. The leaves were entire, non-lobate, 
hirsute along the dorsal surface of the midvein, and light-red along the 
margin as they became older. There were no indications of head formation, 
and plants of this progeny produced a seed stem only slightly before the 
commercial parent. 

Of the 10 Fi plants tested all appeared to be resistant to powdery mildew. 
Four were saved and the progeny tested to determine their disease reaction. 
The results are recorded in table 2. These data are reasonably close to 

TABLE 2. — Segregation of powdery mildew resistance in the progeny 


Eamily no. 

Total no. 
of plants 

Healthy 

Suscep- 

tible 

Expected 

healthy 

.Expected 

suscep- 

tible 

X" 

33591-2 

54 

46 

9 

40.5 

13.5 

2.23 

33591-3 

33 

23 

11 

24.75 

8.25 

i!oi 

33591-4 

179 

130 

49 

134.25 

44.75 

0.36 

33591-5 

65 

43 

22 

48.75 

16.25 

2.71 

Totals 

331 

242 

91 

248.25 

82.75 

6.3 .P 


adf:^4; P = 0.2, 

expectation, and seem to indicate that a single dominant gene is operating 
to control immunity. 

Eight F 2 plants were saved for seed, and their progeny tested for reaction 
toward powdery mildew. The results are recorded in table 3. It ^vas not 

TABLE 3. — Segregation of powdery mildew resistance in the Eg progeny 


Eamilv no. 



Healthy 

Susceptible 

Total I 

Phenotype in 1 

0 

37 

37 

Susceptible 

28 

9 

37 

Healthy 

23 

4 

27 

Healthy 

30 

.7 : 

37 

Healthy 

0 

35 

35 

Susceptible 

25 

10 

35 

Healthy 

20 

15 

35 

Healthy 

25 

10 

35 

Healthy 

35 

0 

35 

Healthy 

24 

11 

35 

Healthy 

29 

6 

35 

Healthy 
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feasible to make test crosses by mating the Fi progeny with, the recessive 
parent, since the water technique for depolliiiation is never 100 per cent 
successful, and the possibility of obtaining self -pollinated individuals instead 
of cross-pollinated seriously limits the reliability of the data thus secured. 
This difficulty can be circumvented in certain cases by the use of marker 
genes, but in the present ease marker genes were not available. As a result 
confirmatory evidence is confined to the P3 data. 

Of the Fs families tested, 2 proved to be homozygous-susceptible, 1 was 
homozygous-resistant, and eight were heterozygous (Table 3). With one 
exception, (Family 33591-2-9) the heterozygous families segregated in the 
anticipated 3 : 1 ratio. In this case there is a significant departure from 
expectation. The nonconformity of this family is not explained, although 
there is the probability that if larger numbers were tested, the excess of sus- 
ceptible plants might be overcome. The data of tables 2 and 3 are in 
substantial agreement and indicate that a single gene is operating to control 
resistance. 

DISCUSSION 

The collective species Erysiphe ciclioracearum is composed of many bio- 
types. Some investigators*’’' have attempted a method of classifying physio- 
logic races of powdery mildews based on the morphological characters of the 
conidia. Measurements of the conidia from the mildew on Lactuea seariola 
indicate that those of this strain are of unusually large size. They are 
about 14 p longer and 10 p wider than the form Blumer^ measured on L, 
muralis (L.) Fres. The spores are 10 p longer and 6 p wider than those 
from the race on Eieracemm pratem'e Tausch., which was the largest re- 
ported by Blumer. Too few of the other fruiting structures were available 
for measurement to draw conclusions, but, in general, the organs fall within 
the range given by Salmon.'^ The characteristic perithecial appendages 
and the occurrence of more than one 2-spore ascus per perithecium definitely 
identify the fungus as a race of JS", cic/iorac^anm. 

The elapsed time from incubation until the first appearance of symptoms 
seems dependent somewhat upon the host reaction, as well as upon the 
environmental conditions. It appears that there may be genes, other than 
the one controlling a positive or negative disease reaction, that are active 
in determining the degree of resistance exhibited by different individuals. 
That some plants are much more susceptible than others is indicated by the 
length of the incubation period and by the number, size, and degree of 
sporulation of the colonies. Some individuals have a few colonies produc- 
ing conidia, while others may have a similar number of smaller colonies in 
which sporulation is suppressed. For these same plants the incubation 
period may vary considerably. 

See footnotes 4 and 6. 

6 Blumer, S. Die Pormen der Srpsiphe cichoraceariLm DC. Centralblatt. fur Bact., 

Parasitenkunde u. Inf ektionski*ankheiten. 57 : 45-60. 1922. 

7 See footnote 2. 
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SUMMAEY 

The occurrence of powdery mildew {Erysipke cwliovaccanim) on Lac- 
tuea scariola and L. sativa is recorded. The vegetative and reproductive 
structures of the fungus are described in detail. The discovery of peri- 
theeia, with associated reproductive structures, has permitted positive iden- 
tification of this organism. 

Strains of lettuce homozygous for susceptibility and for immunity from 
powdery mildew were isolated. Appropriate matings, combined with sub- 
sequent analysis of P 2 and P 3 data indicate that immunity is controlled by 
a single dominant gene. 

U. S. Horticultural Field Station, 

Box 150, La Jolla, California. 


TUMORS ON ELM AND MAPLE TREES 

Nellie A. Beown 
(Accepted for publication November 12, 1940) 

THE ELM TUMOR 

Outgrowths on the American elm (Ulmus cmericana L.), large enough 
to be classed as tumors, are not so prevalent as, tumors on oaks ; and, up to 
the present time, the disease has not become a -rapidly spreading one in the 
locality where it occurs or throughout the country. 

DESCRIPTION OP THE GALLS 

The elm tumor is a dark, flat, nodular outgrowth occurring on the trunk 
or on the roots near the surface of the ground (Pig. 1, A). It has some 
resemblance to crown gall and usually is so designated. In size it may be a 
foot or more in diameter, depending on the size of the tree and age of the 
tumor. It is usually of a slow growing type. Small galls i in. to 2 in. in 
diameter may occur on the smaller branches, as in the oaks ; according to 
the writer’s observations, however, this condition is not a common one. 

The term canker is sometimes used loosely, as synonymous with galls 
and tumors. The two need not be confused, for with cankers there is 
usually a definite killing of the bark accompanied by sloughing, along with 
distortion of the trunk. The somewhat rounded outgrowths taking place 
in tumor formation maintain the live bark-covering until the whole tumor 
dies, with the possible exception of tumors of immense size. 

EARLIER REPORTS OF ELM TUMOR 

Emery^ states that an elm tumor in France is caused by the crown-gall 
organism. Bacterium tumefaciens, that he isolated that organism from elm 
tumors, and, by inoculating with it, produced two galls on a young elm tree 
from which the organism was later reisolated. 

In 1938, the writer, in an article on tumors of the oak and hickory trees^ 
mentioned having worked with elm and maple tumors and stated that 
fungus-producing pyenidia with phoma-like spores had been isolated from 
both types but that neither isolation produced infection. A further state- 
ment was made that, later, Phomopsis spores of the a-type developed in the 
elm-tumor cultures. 

ELM TUMOR STUDIES 

Attempts to Isolate Bacterium tumefaciens 

The European pathologist probably was right and the elm tumor with 
which he was working was crown gall. The writer has never been able to 
isolate the crown gall organism from galls occurring on elm in the United 

1 Emery, M. Origine baeterieime des tumeurs de 1 ^orme. Comptes Reiidus Aead. 

des Sciences, 193: 76-77. 1931. 

2 Brown, Nellie A. The tnmor disease of oak and hickory. Phytopath. 28 : 401- 
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Uia. 2. A, Young stage of maple tumor from OMo. B. Older stage of Ohio maple 
tumor from which Phomopsis was isolated. C. Tumor on elm stem produced by inoculat- 
ing with elm Phomopsis, March 14, 1940; photographed Sept. 16, 1940. D. Elm stem 
punctured with sterile needle for control, March 14, 1940; photographed Sept. 16, 1940. 
All X 1. 
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States. More than 200 plates have been poured in endeavors to isolate 
Bacterium tumefaciens from elm galls, vyithont success. In this country, 
Bad. tumefaciens does not seem to be the organism actively engaged in that 

capacity. 

A FUNGUS APPEAES TO BE THE CAUSE OF THE DISEASE 

No fruiting bodies were seen on the surface of the elm galls nor did any 
develop when the galls were held for a time in a moist chamber. The fail- 
ure, however, to isolate the crown-gall organism from the elm tumors and 
the consistent appearance of pycnidia with phoma-like spores in the enltnres 
made from tissue plantings and from poured plates of elm galls, indicated a 
fungus as a cause of the disease. Several of the elm isolations W'ere chilled 
for several months, after which Phomopsis spores developed. Sometimes the 
galls were kept at 10° to 12° C. for a few months, and Phomopsis spores of 
types a and 1) were obtained readily in cultures made from isolations of the 
refrigerated galls. In studying microsections of the tumors, fungus hyphae 
could be seen in the tissue. 

INOCULATIONS WITH PHOMOPSIS CULTURES 

The Phomopsis cultures, inoculated into the nodes of American elm trees 
produced slow-growing tumors from which the Phomopsis reisolated. 
The galls did not begin to develop until a month or more after inoculation, 
and in 6 months were no larger than 7-10 mm. (Fig. 2, 0) in diameter. 
Compared with the speed of Bacterium tumefaciens^ which produces a 1.5 
in. or larger tumor on daisy or marigold in 3 months or less, and on peach 
trees i to f in. tumors in less than 2 months, the elm outgrowth is a very 
slow-growing one. The same slow-growing tumors were produced with the 
elm. Phomopsis on privet {Ligustrum vulgare), Jasminum nudifiorum (Fig. 
1, C and B), and Vihurnum opulus txom which the fungus was reisolated. 
These various hosts were used for inoculations in conjunction with the elm 
trees, as Phomopsis tumors occur naturally on them.^’^ 

As an example of the slow growth of this type of tumor, it took over 5 
years for the privet Phomopsis to produce tumors 14 in. in diameter on 
privet stems. During this time the plants w^ere growing in the greenhouse 
under very favorable conditions. 

BACTERIUM TUMEFACIENS PEACH STRAIN INOCULATED INTO ELMS 

Not being able to isolate Bacterium tumefaciens from elm tumors, it w^'as 
thought crown gall could, perhaps, be produced on elm trees by inoculating 
with a strain of Bacterium tumefaciens. Out of 49 inoculations made into 
elms with a virulent strain, two galls formed. These were produced on 
young growth of 3- to 4-year-old seedlings that was tender and kept so by 
pushing the trees into a fairly long period of rapid growth. The other trees 

3 Brown, Nellie A. A fungus gall ou Viburnum mistaken for crown gall. Pliytopath. 

24: 1119-1120. 1934. 

4 , Privet and jasmine galls produced by a species of Phomovsis, 

Phytopatli. 26: 795-799. 1936. 
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in the experiment, likewise stimulated to continued growth, failed to pro- 
duce any sign of a tumor. The two galls noted were produced by the peach 
strain. These galls were of a rounded type and did not simulate the rather 
flat tumors that usually occur on the elm. They were 7 and 10 mm. in 
diameter in 4 months, but did not grow any larger within the 6 months they 
were under observation. 

It is not unlikely that in nature, under conditions and in localities favor- 
able for them, Phomopsis and Bacterium tumefaciens are able separately 
to produce outgrowths on the elm tree. As tumors on elm are not produced 
readily with either organism, and less readily with the bacterium, it may 
be said that both organisms are weakly parasitic on the elm. Of 106 inocu- 
lations into elm trees with elm Phomopsis^ after 6 months only 31 produced 
galls ; there were swellings on 24 others, indicating that infection had 
started, and 41 showed no indication of infection. The Phomopsis was 
reisolated from some of the galls and swellings. 


TABLE 1 . — Inoculations into various hosts with the elm Phomopsis 


No. of inoculations into 

No. of galls 

No. not infected 

Privet out-of-doors and in greenhouse 

......... 60 1 

18 

42 

Viburnum 

5 : 

4 

1 

Jasmine 

8 ! 

5 

3 


NO PERFECT STAGE OP THE FUNGUS WAS FOUND 

■ 

Hundreds of cultures of the elm fungus growing in different kinds of 
media were examine^, but the perfect stage of Phomopsis had^not formed, 
nor was it found inpr on the tumors of different ages. Oatmeal-agar cul- 
tures, 3 to 7 months\fd, often had blackened, dried, slightly bent strands 
of mycelium resemfaing perithecial necks. These strands were connected 
with an undifferentiated stroma showing no evidence of the formation of 
perithecia. 

Up to the present the Phomopsis has not been assigned to any particular 
species. 

THE MAPLE TUMOR 
Description of the Disease 

The maple tumor has been noted on Acer ruhrum L, and on A. sac- 
charum Marsh, by the writer perhaps more than on other species. It 
occurs in the United States less frequently than does the elm tumor, and 
is seen in the Lake States and the North more than in the South. In young 
stages the appearance of the disease is one of smooth swellings (Fig. 2, A, 
and Fig. 3, A) or knots (Fig. 3, B), unlike the young tumors of oak, hick- 
ory, privet, viburnum, and others. In older stages the smooth swellings 
become rough and appear somewhat cankerous (Fig. 2, B, Fig. 3, C) . When 
they cover the entire limb, as they sometimes do, the latter eventually dies. 
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Hig. 3. Hijfferent stages of development of maple tumor occurring in Michigan. 
Phoma-like spores were isolated from B. All tumors x 1. 


EARLY WORK ON THE MAPLE TUMOR DISEASE 

early work on maple tumors was done in 1920--1921 and was men- 
in a paragraph in the paper entitled ''The Tumor Disease of Oak 
ckory Trees/ The 36 plates poured from Michigan maple tumors 
I gave no crown-gall colonies. No fruiting bodies were seen on the 
^s of the tumors, but, from tissue plantings on various media, a fungus 
e footnote 2. 
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appeared repeatedly that produced pycnidia with phoniadike spores. Cul- 
tures of this fungus were inoculated into 3 different species of maple trees 
in Washington, D. C., by the writer and in Michigan by Winifred E. B. 
Chase. A total of 72 inoculations was made but no tumors resulted, only 
swellings, or there was no reaction whatever. Dr. Chase sent some of her 
inoculated stems and some of the controls to show that her results dupli- 
cated those made in Washington, which were considered practically nega- 
tive. 

Microsections made through some of the inoculated areas showed that 
the fungus embedded in the tissue had produced pycnidia with tiny phonia- 
like spores. The inoculations had been made nearly two months earlier. 
The significance of this fruiting body was not suspected and the cultures 
w^ere discarded as the wrong pathogen. 

WORK WITH THE MAPLE TUMOR IN 1940 

In the spring of 1940 some maple galls from Ohio were received from 
the Division of Forest Pathology, U. S. Department of Agriculture, with 
the request to ascertain the cause, if possible. Isolations were made from 
young outgrowths and later older ones to attempt the recovery of Bacterium 
fumefaciens. It could not be isolated from either young or older material. 

ISOLATION OP A FUNGUS 

No fruiting bodies were on the surface of any of the galls received. 
Tissue plantings on different media from the older galls gave pycnidia con- 
taining Phomopsis spores of both a and h types. Phoma-like spores were 
not observed. Sterile tap water in tubes was the best medium to start the 
growth of the fungus from the tissue plantings ; the fungus was then trans- 
ferred to oatmeal and corn-meal agar on both of which it fruited. Attempts 
to isolate Phomopsis from the very young maple tumors were unsuccessful. 

As wdth the elm Phomopsis ^ the maple form has not been assigned to any 
species. 

TESTS WITH THE MAPLE PHOMOPSIS 

Unfortunately, the work with the maple tumor began so late in the 
spring of 1940 that by the time the cultures were obtained and ready to 
use it was too late to get young maple trees for inoculation purposes, and 
none were otherwise available. Inoculations, however, were made into 
privet stems in the greenhouse. On this host small galls had started to 
grow in 2| months. 

NOTES ON THE EARLY STAGES OP PHOMOPSIS TUMORS 

The initial stages of the elm and maple Phomopsis tumors do not resem- 
ble those of the oak and hickory. The elm usually bears a flat mass of root 
primordia, and the maple shows smooth swellings. The earliest stage of 
an oak or hiekory tumor resembles a small canker. This develops into a 
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gall in tlie course of a year or two. As the majority of the other Phomopsis 
galls studies so far, viburnum, privet, coralberry, forsythia, blueberry and 
jasmine usually begin with a mass of root primordia, the large, definitely 
smooth, swelling of the maple tumor suggests another cause. And it is 
possible that the beginning of the maple tumor may be due to a root obstruc- 
tion or growth disturbance, a food unbalance, or other cause. Into this 
environment the Phomopsis esm establish itself and develop a tumor. It 
will take more observations and research to learn the whole story of the 
maple tumor. However, the smooth surface of an outgrowth must not be 
considered too significant, as the elm Phomopsis , inoculated into privet, 
produced a smooth type of gall that remained so when it had become a half 
inch and more in diameter. Inoculations with Bacterium ttmiefaciens 
occasionally produce a smooth type of gall, depending on the kind of tissue 
infected and the rate of tumor growth. 

MOISTURE AND THE CONTROL OP THE ELM AND MAPLE TUMORS 

Moisture seems necessary for Phomopsis to establish itself in the stem 
tissue and produce a tumor. The pathogen enters the stem through some 
opening, as a wound or otherwise, and if moisture is lacking because of 
heat, drying winds, or drought, the infection fails to take. Many of the 
inoculations made on elm stems no doubt failed because of insufficient mois- 
ture. This factor may be used in preventing the spread of the disease on 
a tree, or trees, in the vicinity where the disease occurs. The close plant- 
ing of trees and shrubs helps retain moisture and should be avoided where 
elm and maple tumors occur. All the tumors that can be cut out should 
be removed and burned. 

SUMMARY 

Bacterium tumefaciens yvas not isolated from either the elm or maple 
tumors. 

A species of Phomopsis was isolated from tumors on either host and the 
disease was reproduced by inoculations with both isolations. The Phomop- 
sis from either host has not yet been assigned to any particular species. 

Neither disease is of a rapidly spreading or dangerous type, but it can 
badly disfigure a tree and eventually kill it. 

Bureau of Plant Industry, U. S. Department of Agriculture 
Horticultural Station, 

Beltsville, Maryland. 


A SOLUTION-CULTUEE INFECTION METHOD USED IN 
THE STUDY OF FUSAKIUM WILTSV 

G . M . A R M S TR O N G 
(Accepted for publication October 8, 1940) 

In Studying the mineral nutrition of cotton plants grown in solution 
cultures^ it was desired to use plants infected with Fusarmm vasinfec- 
ium Atk. Difficulties were frequently experienced, however, in obtaining 
high percentages of infection of seedlings grown in naturally or artificially 
infested soil before transferring them to the solution cultures. Attempts 
were made, therefore, to secure a method that would provide consistently 
high percentages of infection and also simplify the production of seedlings. 
The methods reported herein originated from the efforts to reach these 
objectives. 

The nutrient solution in which all the plants were grown had the follow- 
ing composition; 0.002 M magnesium sulphate; 0.005 M calcium nitrate; 
0.002 M potassium sulphate; 0.002 M primary ammonium phosphate; traces 
of iron citrate and of other minor elements: zinc, boron, manganese, and 
copper. The pH of the solution made up with distilled water was about 
5.1. The solution was replaced every 7 to 10 days and distilled water was 
added between changes to replace water lost by transpiration and evapora- 
tion. 

The culture solution for the fungus contained the same salts as the solu- 
tion used for the plants, except that the concentration was doubled and 
glucose was added at the rate of 20 grams per liter. Before inoculation, the 
fungus cultures w'ere diluted by adding an equal volume of distilled water 
(a dilution of 1 to 4 has been successfully used on one occasion). The 
fungus w’-as grown for 3 days in 1 to 3-liter Erlenmeyer flasks with 400 ml. 
of solution per liter flask and correspondingly increased amounts in the 
larger flasks. The flasks were agitated frequently during growth in order 
to obtain a flnely divided suspension of fungus material. The short period 
of exposure of the roots to a fresh fungus suspension practically excludes 
any toxic effect of staling products produced during growth. 

METHODS EMPLOYED TO OBTAIN SEEDLINGS 

First Method 

In the first infection experiments, acid-delinted seed were germinated in 
trays of sterilized sand and the most vigorous seedlings were then trans- 
planted to solution cultures in the manner described below. The root sys- 
tems of seedlings grown as above were dipped into nutrient solution cultures 

1 Teclniical Contribution No. 77 from the South Carolina Agricultural Experiment 
Station. Cooperative Investigations with the Division of Cotton and Other Fiber Crops 
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of the pathogen for periods varying from 10 to 90 minutes.^ The seedlings 
were then transferred to the regular nutrient solutions. 

Ill another early study concerned with the pathogenicity of several iso- 
lates of Fusarium vasimfectum Atk., seedlings were germinated in trays with 
moist paper towels and thereupon transferred to a nutrient solution in glazed 
l-gal. crocks for several days before inoculations were made. The crocks 
were covered with paraffined wooden tops having eight i-in. holes in which 
the seedlings were held by small pieces of nonabsorbent cotton. In this 
experiment the roots were allowed to stand in the nutrient solution culture 
of the pathogen for 30 minutes and then were returned to the glazed crocks. 

The experiment (Table 1) was conducted during the summer in a green- 
house at Clemson, South Carolina,® by the method just described. The 
average temperature was in the range of the optimum for cotton- wilt infec- 
tion (25-30° C.). The degree of virulence of the 3 fungus isolates wus 
indicated as very strong (No. 4), strong (No. 6), and weak (No. 3) from soil 
pot experiments.^ 

The data of table 1 show that these isolates in solution citlture exhibited 
the same relative degrees of virulence as in the soil experiments. All plants 
were examined at the conclusion of the experiment for discoloration of the 
xylem. Keisolations of the fungus were attempted by cutting about an inch 
section from the lower part of each stem, surface-disinfecting it with 3 per 
cent sodium hypochlorite, cutting it lengthwise, and placing the portions 
upon acid potato-dextrose agar in Petri dishes. 

The high percentage of recoveries, even of the weak isolate of the patho- 
gen from varieties of cotton as resistant as Sea Island, indicates that the 
solution-culture method is a very effective means of producing infection. It 
appears to correspond to severe wilt conditions in the field. 

Broadfoot and Tyner-'^ have developed a somewdiat similar procedure for 
producing wffieat seedlings and infecting them -with foot-rot organisms and 
it is of interest that the two investigations Avere proceeding sinmltaneously, 
each without the knowledge of the other. They mention several of the diffi- 
culties wdth soil inoculations. The methods for securing infections with the 
fusarium wait of cotton w^ere developed in 1937 and 1938. The first method 
wms tedious since it involved planting the seed in sand or in trays with moist 
paper tow^els, placing each seedling in a hole in a container, and packing- 
cotton around each seedling for support. 

Second Method 

A second method, that of the tank or tray culture, was next tried in an 

2 The first experiments were done by Dr. N. A. Sehappelle in 1937 after consultation 
with the writer. 

3 This experiment was carried out by Dr. E. Weindling. 

^ Armstrong, G. M., J. D. MacLachlan, and E. Weindling. Variation in pathogenicity 
and cultural characteristics of the cotton- wilt organism, Fusarkim vasinfectum. Phyto- 
path. 30 : 514-520. 1940. 

» Broadfoot, W. C., and L. E. Tyner. Studies in foot- and root-rot of wheat. VI. 
Methods of securing infection of wheat seedlings for study in nutrient solutions. Canad. 
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effort to simplify the production of seedlings for inoculations. This method 
has been used in several experiments during the past 2 years. Some metal 
trays (Pig. 1) 2r'xl3"x8" which were used in the laboratory, have been 



Fig. 1. Equipment employed in growing cotton in culture solutions. 

found very satisfactory for growing cotton, tobacco, snap beans, cowpeas, 
and Cassia tora h., all of which grow very well for 8 or 9 weeks without 
aeration of the culture solution, A wooden frame with galvanized hardware 
cloth of |-in. mesh attached to the lower inner edge was fitted tightly into 
the tray to a depth of an inch. Tray, frame, and hardware cloth were all 
coated with paraffin of 60° C. melting point. Excelsior, which had been 
boiled and soaked in water for 3 to 4 hours, was placed over the hardware 
cloth of the frame to serve as a seed bed. Soaked seed of the above-men- 
tioned plants, except tobacco, were planted in the excelsior and then kept 
covered with moistened toweling until the roots had grown into the water 
or nutrient solution below. The water level in the tray was kept in contact 
with the hardware cloth until the roots were about 2 inches long, when the 
level was lowered about 1 inch. This procedure gave better aeration and 
also retarded the development of molds in the excelsior plant bed. 

Very small seed, e.g.^ tobacco, cannot be planted directly in the excelsior, 
so these were planted in soil flats, the seedlings later being transplanted to 
the trays. 

Another tray only 3 in. deep, but otherwise like the regular culture tray, 
was used for the inoculations because a smaller quantity of inoculum was 
needed to fill it. Inoculations were made by dipping the roots in a nutrient 
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solution culture of tlie pathogen for 10 minutes and then returned to the 
usual nutrient solutions. Experience has shown that exposure of the roots 
to the inoculum for 10 minutes gave from 80 to 100 per cent infection with 
susceptible strains of cotton, tobacco, or cowpeas. The inoculum contained 
a moderately dense mass of filaments and spores of the fungus; and it is 
possible that merely dipping the roots would have sufficed. As an example 
of the results of one of many experiments with the trays, 67 plants of a 
susceptible variety of cotton were inoculated on April 25, 1939, and all 
plants remaining alive were removed 9 weeks later. Ninety-one per cent of 
them showed external symptoms of wilt during the course of the experiment 
and the fungus was recovered from 78.7 per cent of these plants. In the 
most recent experiment, 100 per cent of the plants of the same variety, 
inoculated with the same isolate of the fungus, showed external symptoms 
of wilt. 

The tank or tray method described allows the use of a large number of 
plants per unit area, especially of susceptible varieties, since wilting begins 
in 9 to 12 days after inoculation and plants can be gradually removed. 
Either 75 to 90 cotton plants or 25 tobacco plants have been grown per tray. 

During the summer months, definite differentials of disease resistance 
have been obtained between susceptible and tolerant cotton varieties within 
a growth period of 5 to 7 weeks, whereas a considerably longer time is 
required when the plants are growing in soil. During the winter, the time 
required has occasionally been 8 to 9 weeks. 

Aeration of the culture solution may be necessary for some plants, though 
no benefits from aeration were noted in cultures of cotton, tobacco, and 
Cassia tora L. during the relatively short period of an experiment. In other 
experimental work wdth cotton, where plants were grown to maturity in 
17-1. Pyrex jars of greater depth than the trays, aeration was necessary for 
best growth. 

This method promises to supplement other methods commonly nsed to 
infect plants with pathogens that enter through the roots. Furthermore, 
it offers a new line of approach for investigating certain phases of funda- 
mental research with soil-borne pathogens. For instance, in work on the 
nature of disease resistance, the influence of the various soil factors can be 
excluded while studying infection of the root and development of the disease. 
A rapid method for testing the resistance of varieties to the wilt disease is 
afforded. This can be of practical value to the plant breeder, since, in a 
relativel}^ short time, it is possible to separate promising wilt-resistant 
progenies from susceptible ones and thereby save extensive field tests. 

South Carolina Experiment Station, 

Clemson, South Carolina. 


THE EFFECT OF LEAF BUST ON THE CAROTENE CONTENT 
OP WHITE CLOVER" 

J. T. Sullivan and S. J. P. Chilton^ 

(Accepted for publication October 20, 1940) 

INTRODUCTION 

The oecurrenee of leaf rust (Uromyces trifoln trifoUi-repenfis (Ijiro) 
Arth.) on white clover (Tri folium repens L.) in pastures and experimental 
plots has introduced the question of the economic importance of this disease 
in reducing the yield and nutritive value of the crop. Studies have been 
undertaken on the effect of this disease on the chemical composition of the 
host plant. 

Eesults obtained concerning the effect of the rust on the carotene content 
are reported here. The only comparable researches known to the writers 
are those of Johnson^"^’^ in which leaf -hopper attack reduced materially the 
carotene content and thus the potential Vitamin A activity of alfalfa. 

MATERIAL AND METHODS 

Seven susceptible and 2 resistant clones were selected for study in the 
white-clover nursery that had been planted in 1938. One plant in each row 
of clonal material was dusted with sulphur and was in proximity to another 
plant ill the same row, which had been left dust-free and free to develop rust. 
The clonal rows were distributed at random in 3 replications. Dusting was 
performed 7 times between June 1, 1940, and the last sampling date. 

Samples were plucked by hand between July 17 and August 2, 1940. 
The date of sampling was determined by the spread of the rust. All replica- 
tions of the same clone were not sampled on the same date but the sulphured 
plant and the nontreated one in the same row were sampled simultaneously. 

The entire leaves, including petioles, were gathered between the hours of 
8 and 9 a.m. and brought immediately to the laboratory in closed containers. 
Five-gram portions of fresh leaves were weighed out for carotene and other 
portions for dry-weight determinations. The leaves from the sulphured 
plants were practically free from rust; those from the nontreated plants 
contained both rusted and non-rusted leaves, according to their occurrence 
on the plant. 

In order to study the differences between rusted and non-rusted leaves 
from the same plant, 5 bulk samples, each from an unrelated plant, were 

1 Contribution No. 16, of tbe U. S. Regional Pasture Researcb Laboratory, Division 
of Porage Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agricul- 
ture, in cooperation with the northeastern States. 

2 Acknowledgments are due to Dr. S. S. Atwood for making available the plant 
material and to Mr. A. G. Morin for assistance in the analyses. 

3 Johnson, H. W. Effect of leaf -hopper yellowing upon the carotene content of 
alfalfa. Phytopath, 26: 1061-1063. 1936. 

4 Johnson, H. W. Further determinations of the carbohydrate-nitrogen relationship 

and carotene in leaf -hopper-yellow and green alfalfa. Phytopath. 28 : 273-277. 1938. 
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collected. In the laboratory the leaves from each of these bulk samples 
were separated into 3 classes, viz., heavily rusted, lightly rusted, and rust- 
free. Each class was sampled separately. 

Immediately after weighing, the leaves were disintegrated by grinding 
under ethyl alcohol in a Waring Blendor. Potassium hydroxide was added, 
and the sample was boiled gently for 30 minutes under a reflux. After 
cooling and decantation the residue was extracted with petroleum ether and 
the determination was continued by the Guilbert^ method, as described by 
Peterson, Hughes, and Payne.® Pinal estimation of p-carotene was made by 
the KWSZ photometer. 

RESULTS 

Table 1 gives the data that compare the carotene content of sulphured 


TABLE 1 . — Carotene content of rusted and sulphured {non-rusted) leaves of seven 
susceptible clones of white clover 


Clone 

Carotene content in parts per million 
of the dry weight^ 

Percentage decrease in 
carotene of rusted 


Sulphured 

Busted 

plants 

1 

423 

338 

20.1 

2 

385 

301 

21.7 

3 

374 

316 

15.7 

4 

402 

328 

18.5 

5 ■ 

438 

310 

29.3 

6 

326 

284 

12.8 

7 

372 

261 

30.0 

Mean 

388 

305 

21.4 


a Mean of three replications. 


(non-rusted) with rusted plants. A lower mean carotene content of the 
rusted plants was found for each of the 7 susceptible clones. The average 
difference between the two groups was 21.4 per cent. The analysis of 
variance (Table 2) indicates that highly significant differences were obtained 


TABLE 2.^ — Analysis of variance for carotene content of rusted and sulphured (non- 
rusted) plants of 7 susceptible clones of white clover 


Source of variation 

D/E 

Mean square 

E value 

Value of F 
for P of 

.05 

.01 

Treatments 

1 

72,027.7 

54.76 

4.22 

7.72 ' 

BepHcations 

2 . 

1,570.4 

1.19 

3.37 


Clones 

6 

4,838.9 

3.68 

2.47 

3.59 

Treatment x clones 

6 

1,357.5 

1.03 

2.47 


Error 

26 

1,315.1 





3 Gnilbext, H. B. Determination of carotene as a means of estimating the vitamin 
A value of forage. Ind. Eng. Chem., Anal. Ed. 6: 452-453. 1934. 

6 Peterson, AV. J., J. S. Hughes, and L. F. Payne. The carotenoid pigments. 
Kansas Agr. Exp. Stat. Tech. Bull. 46 : 5-74. 1939. 
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between rusted and sulphured plants, that replications were uniform, and 
that differences among clones were significant. 

Table 3 contains the data obtained from 2 resistant clones. Ritst was not 


TABLE 3. — Carotene content of sulphured and non-sulphured leaves of tivo r€sista7tt 
clones of white clover 


Clone 

Carotene content — ^parts per million 
of dry weight 

Percentage decrease of 
carotene in 
sulphured plants 

Sulphured 

Not sulphured 

1 

465a 

513a 

9.3 

2 

443b 

498b 

11.0 

Mean 

454 

506 

10.2 


a Mean of 3 replications, 
b Mean of 2 replications. 

The P value for treatments is 6.88. The F value necessary to give a P of .05 is 5.90. 


present, but the sulphured plants contained less carotene than the non- 
treated. 

Table 4 presents the analyses obtained from separated leaves of the same 


TABLE 4. — Carotene content of non-rustedj lightly rusted j and heavily rusted leaves 
from the same plant in five plants of white clover 


Plant 

Carotene as parts per million of the dry weight 

Non-rusted 

Lightly rusted 

Heavily rusted 

1 

410 

293 

248 

2 

478 

330 

210 

3 

396 

313 

191 

4 

413 

343 

272 

5 

392 

304 

226 

Meana 

418 

317 

229 


a Difference of means necessary to give a P of .01 = 58.8. 


plant. The results show that heavily rusted leaves are on the average 45 
per cent lower and that the lightly rusted leaves are 24 per cent lower in 
carotene than the non-rusted leaves of the same plant. 

DISCUSSION 

The comparison of rusted white clover plants with adjacent plants pro- 
tected from rust by sulphur dust showed that the former were lower in 
carotene content by an average of 21 per cent. That the actual percentage 
loss of carotene by rust is greater than this figure is suggested strongly by 
data obtained from resistant clones where no rust was present and where 
sulphuring lowered the carotene 10 per cent. It is possible therefore that 
in nonsulphured susceptible plants rust may cause loss of a third of the 
carotene, even though ail leaves may not be infected. Where leaf separa- 
tions were made on plants under such conditions, an average loss amounting 
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to 45 per cent was recorded in the heavily rusted leaves. The separation of 
the leaves in this case was based only on rust infection; no consideration 
was given to the age of the leaves. It is possible that younger leaves that 
had not built up sufficient inoculum may have been more numerous in the 
non-rusted group ; hence differences may in part be attributable to age. 

SUMMARY 

Leaves from rusted white-clover plants contained 21 per cent less caro- 
tene than adjacent plants protected by sulphur. Sulphured rust-resistant 
plants contained 10 per cent less carotene than similar nonsulphured plants. 
Rusted leaves were considerably lower in carotene than rust-free leaves from 
the same plant. 

U. S. Regional Pasture Research Laboratory, 

State College, Pennsylvania. 



INHERITANCE OF RESISTANCE TO STEM RUST IN CROSSES 
WITH KENYA VARIETIES OF TRITICUM VULGARE VILL.^ 

I. A. Watson 

(Accepted for publication September 30, 1940) 

111 recent years considerable attention bas been given to the varieties of 
Triticum vulgar e Vill. from Kenya colony, East Africa, as sources of stem 
rust resistance. Five strains of such wheats have been reported as practi- 
cally immune in all stages of growth from a number of physiologic races of 
stem rust {Puccinia graminis U'itici Eriks, and Henn.) in Canada.*^ At the 
University of Sydney, in collaboration with W. L. Waterhouse, a study was 
commenced to determine the mode of inheritance of the Kenya type of resis- 
tance. Hybrid material obtained from this study was tested at University 
Farm, St. Paul, Minnesota, as adult plants in the field to a collection of at 
least 30 physiologic races of Puccinia graminis tritici and as seedlings to 
single races in the greenhouse. Two varieties of Kenya wheat, Kenya 744^ 
and Kenya 745, differing in morphological characters, were crossed together 
and with 2 rust-susceptible Australian varieties. Federation 107 and Dundee 
985. A large number of P3 lines of the cross Federation 107 x Kenya 745 
tested as seedlings with races 17 and 56 gave a reaction highly correlated 
with the reaction of mature plants in the field to a mixture of races. In 
table 1 are given the results for 1940, and these are essentially the same as 
those obtained in 1939. 


TABLE 1. — Disiribution of Bdl lines of the cross Federation 107 x Kenya 745 for 
stem r^lst reaction to a collection of races in the field in 1940 and for seedling reaction to 
race 56 


Field reaction 

Seedling reaction to race 56 

Eesistant 

Segregating 

Susceptible | 

Total 

Semi-resistant 

54 

1 


55 

Segregating 

3 

129 

2 

' 134 

Susceptible 

~ 

- 

52 

52 

Total 

57 

130 

54 

241 


P for agreement with a 1: 2: 1 ratio for seedling reaction lies between 0.30 and 0.50. 
P for agreement with a 1: 2: 1 ratio for field reaction lies between 0,20 and 0.30. 


In the cross Federation 107 x Kenya 745 smaller numbers of F3 lines 
whose seedling reactions to races 17 and 56 had been determined were 
inoculated with races 1, 11, 14, 15, 21, 34, 36, 38, 47, 49, 97, and 147. All 
these races except race 38 gave a reaction on these seedling F3 lines corre- 
sponding to that given by these same lines when tested as mature plants to 

1 These studies were commenced at the IJniversity of Sydney, New South Wales, and 
were continued in the Division of Plant Pathology and Botany of the University of Minne- 
sota while the writer was Thomas Lawrence Pawlett Scholar of the University of Sydney. 

2 Peterson, E. F., T. Johnson, and Margaret Newton. Varieties of Triticum mlgare 
practically immune in all stages of growth to stem rust. Science 91: 313. 1940. 

3 Varieties carry the Sydney University Accession Number. 
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a collection of races in the field. Race 38 was not common in the nursery 
in either 1939 or 1940 when these tests were carried out. Determinations 
of physiologic races from the collections made in the breeding nursery indi- 
cated that in 1939 the most common races involved in the epidemic were 11, 
17, 34, 36, 47, and 56, while, in 1940, races 15, 17, 34, 36, 49, 56, and 147 
predominated. Seedlings of Federation 107 are moderately resistant to 
race 38 and from inoculations of 85 Pa lines it was found that the same gene 
in Federation 107 governs susceptibility to race 56 as governs moderate 
resistance to race 38. This gene is allelomorphic to the gene in Kenya 745, 
which is responsible for resistance to races 1, 11, 14, 15, 17, 21, 34, 36, 38, 
47, 49, 56, 97, and 147. 

The cross Federation 107 x Kenya 744 was tested in 1940 and the segre- 
gation for seedling reaction to race 36 and for mature plant reaction in the 
field is given in table 2. Prom these figures and from those given in table 1 

TABLE 2. — DisMhution of ^05 lines of the cross Federation 107 x Kenya 744 for 
stem rust reaction to a collection of races in the field in 1940 and for seedling reaction to 
race S6 


Field reaction 

Seedling reaction to race 36 

Resistant 

Segregating 

Susceptible 

Total 

Moderately resistant 

56 

5 

_ ■ 

61 

Segregating 

4 

85 

8 

97 

Susceptible 

- 

5 

42 

47 

Total 

60 

95 

50 

205 


P for agreement with a 1: 2: 1 ratio for seedling reaction lies between 0,30 and 0.50. 
P for agreement with a 1 : 2 : 1 ratio for field reaction lies between 0.20 and 0.30. 


it seems that both resistant Kenya varieties have a single factor for resistance 
to stem rust. A similar result was obtained when Dundee 985 was used as 
the susceptible parent. A study of the Fi plants of each of these crosses 
showed that resistance is only partially dominant. 

The figures presented in table 3 indicate that in a cross between the two 
Kenya varieties a susceptible class was obtained when seedlings of P3 lines 
were inoculated with race 17, This can be explained on the basis that the 
factors for resistance to race 17 in Kenya 744 and Kenya 745 are inde- 
pendently inherited. 


TABLE 3. — Observed and calculated ratios of Eg lines of the cross Kenya 745 
X Kenya 744 for seedling reaction to race 17 of stem rust 



Resistant 

Segregating 

Susceptible 

Total 

Observed 

142 

178 

22 

342 

Calculated 

I 149,62 

171,00 

21.38 

342 


P for agreement with a 7:8:1 ratio lies between 0.30 and 0.50. 


During the 1940 season at St. Paul some wheat varieties were less re- 
sistant than in the previous year. Varieties and lines that, in 1939, were 
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classed as resistant witli a trace to 15 per cent of stem rust, liad up to 35 
per cent in 1940 and were classed as semi-resistant. At University Farm, 
in 1938, Eenya 744 was more resistant than Kenya 745.^ This was also 
true in 1939 and 1940. In 1939 these were both classed as resistant wuth a 
trace and a trace to 15 per cent stem rust, respectively, while, in 1940, 
they were classed as moderately resistant and semi-resistant respectively. 

School op Agriculture, 

University of Sydney, 

Sydney, N. S. W., Australia. 

4 Unpublislied results of cooperative investigations between the United States Depart- 
ment of Agriculture, Division of Cereal Crops and Diseases, and the Minnesota Agri- 
cultural Experiment Station. 



PHYTOPATHOLOGICAL NOTES 



Further Notes on Fig Mosaic , — Eight years ago the writers presented^ an 
account of a fig mosaic in California. Apparently this was the first pub- 
lished account of this virus disease, which, in California, is almost universal 
on fig trees. Various other observers have since attested to the presence of 
fig mosaic in widely separated countries. In the meantime some new mani- 
festations of the disease have shown up in California, which we wish to note 


Eig. 1. This leaf of a seedling fig probably shows a deficiency disease rather than a 
naosaic. 

here along with certain other leaf troubles that might be confused with 
mosaic. 

The list of references to the occurrence of fig mosaic is too long to include 
in this short note. Suffice it to state that leaf mosaic of the fig has been 

1 Condit, Ira 3 ., and W. T. Horne. A mosaic of the fig in California. Phytopath. 

OO . QQ'7_QO« 1QQQ 
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reported in Eiigaaiid, in Porto Rico, Canton and Nanking, China, New South 
Wales, Western Australia, and Texas. Pittman^ found '‘fig leaf mottle’’ 
exceedingly common in Western Australia, where the disease "not only 
affects the leaves but frequently causes the first crop of figs to fall away 
without developing normally, and it may interfere also, at times, with the 
development of a considerable proportion of the second ci-op.” Beneficial 
effects w^ere reported by Pittman as a result of the application of copper 
sulphate to the soil under branches of mottled trees. 

During the course of a recent trip through the southern and eastern 
United States, Condit found fig mosaic virtually nonexistent. It was seen 
on trees grown from cuttings recently obtained from California, but "fig 
bushes,” long established in dooryards and in small commercial plantings, 
show foliage free from the characteristic mottling caused by mosaic. 

Mosaic is apparently the cause of the peculiar spot or blemish of Samson 
caprifig in California, described and figured by CondiU in 1922. This 
mosaic spot, 'which brings about malformation and premature development 
of many Samson figs of the profichi or June crop, has also been found on 
many seedling figs at Riverside, but only on seedlings of the caprifig type. 

The foliage of some fig seedlings shows abnormal coloration or spotting 
(Pig. 1). This appears to be more of the nature of a deficiency disease 
rather than of a mosaic. No remedial treatments have been attempted in 
either ease. 

A form of little leaf (Pig. 2, A) has recently been found on a single tree 
of Ficus glomerata growing at the Citrus Experiment Station, Riverside. 
This tree was frozen to the ground in January, 1937, when the temperature 
dropped to approximately 24'^ P. On some suckers the leaves are normal ; 
on some the leaves are small, chlorotic, and malformed ; on others the foliage 
is almost or entirely absent. 

Leaf mosaic appears to be spreading from Ficus carica to other species. 
Leaves of Ficus altissima (Pig. 2, B) F. hriskna, and F. tsiela growing in 
pots have all developed typical symptoms of mosaic with light patches of 
color in the blade and with some leaf malformations. The only insects 
known to have infested pot plants of the Ficus collection are red scale and 
a species of aphis. Ho and Li"^ found at Canton no convincing evidence 
of mosaic on fig trees other than Ficus carica, although some species showed 
evidence of its presence. No mosaic has been reported on foliage of Ficus 
in the collection at Chapman Pield or elsewhere in Plorida. 

According to the recent suggestion by Pawcett (Science 92: 559) for 
naming plant viruses, we propose the name Ficivir caricae for fig mosaic. — 
Ira J. Condit and W. T. Horne, Citrus Experiment Station, Riverside, Cali- 
fornia. 

2 Pittman, H. A. Fig leaf mottle. W. Australia Dept. Agr. Jour. 12: 196. 1935. 

3 Condit, Ira J. Caprifigs and caprifieations. Calif. Agr. Exp. Stat. Bull. 319, pp. 

356 and 370. 1922. 

4 Ho, W. T., and L. Y. Li. Preliminary notes on tlie virus diseases of some economic 

plants in Kwangtung Province, Lingnan Sci. Jour. 15: 69-70. 1936. 
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The Effect of Sodium Nitrate on Fusarium oxysporum culeuse.—The 
statement was made by Wardlaw^ that infection close to the root head of 
banana was the important factor in the Panama disease problem. The in- 
jury to the root nsnally was walled off before the fungus reached the head. 
Croucher^ recommends that 2 oz. of sodium nitrate be applied to each root 
every 4 weeks. This fertilizer is applied close to the root head in the area of 
the greatest danger from Panama disease. 

In order to determine the effect of the sodium nitrate on the caiisal organ- 
ism, oxysporum cuhense, various dilutions of sodium nitrate were 

added to well-established soil cultures. When 16.6 parts of sodium nitrate 
were added to 83.4 parts of soil culture, the spores were inactivated, and 
only a few recovered sufficiently to germinate when removed to rice agar. 

A study was made of the penetration of Fusarium oxysporum cuhense 
in clay soil and sodium nitrate mixtures. After 16 days the penetration of 
the organism was measured. The results are shown in table 1. A mixture 


TABLE 1. — The 'penetration of Fnsariim oxysporum cuhense in mixtures of clay soil 
and sodium 'nitrate 


Tube No. 

Soil 

Sodium nitrate 

Penetration 
in 16 days 


Grams 

Grams 

Per cent 

cm. 

1 

0.0 

40.0 

100.0 

None 

2 

20.0 

20.0 

50.0 


3 

30.0 

10.0 

25.0 


4 

35.0 

5.0 

12.5 


5 

37.5 

2.5 

6.25 


6 

38.75 

1.25 

3.125 


7 

40.0 

0.625 

1.538 

2.7 

8 

40.0 

0.312 

0.773 

3.8 

9 

40.0 

0.156 

0.388 

4.8 

10 

40.0 

0.078 

0.194 

4.9 

11 

40.0 

0.039 

0.097 

3.9 

12 

40.0 

0.019 

0.047 

3.8 

13 

40.0 

0.009 

0.022 

4.0 

14 

40.0 

0.004 

0.009 

4.0 

15 

40.0 

0.0 

0.0 

4.1 

16 

40.0 

0.0 

0.0 

3.4 


containing 1.538 per cent of sodium nitrate slowed down the growth of the 
organism. There was no penetration observed when 3.125 per cent wms 
mixed with the soil. 

Sodium nitrate is replacing other nitrogenous fertilizers on many of the 
larger properties in Jamaica. — Clifford H. Meredith, Glenleigh Labora- 
tory, Highgate, Jamaica, B. W. I. 


Myriogenospora on Sugar Cane in Louisiana. — In July, 1940, the junior 
writer found in a commercial field of first stubble of the sugar-cane variety 

iW^ardlaw, C. W. Tlie biology of banana wilt (Panama disease) I. Boot inocula- 
tion experiment. Ann. Bot. 44: 741-766. 1930. 

2 Crouclxer, H. H., and W. K. Mitckell. Fertilizer investigations with the Gros Michel 
banana. Dept, of Sci. and Agr. (Jamaica) Bull. 19. 1940. 
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C. P. 28/19, near Raceland, La., several plants that were characterized, by 
extreme stunting and the adherence of the tips of the unfolding leaves to 
adjacent leaves that had arisen earlier. As the new leaf elongated, its tip 
was held down firmly along the midrib of the previously unfolded leaf by a 
black fungous stroma, giving the top of the plant a characteristic whip-like 
appearance (Pig. 1, A). In some instances the growing point was killed. 



Fig. 1. Myriogenospora acicuUsporae on sugar cane. A. Whip -like axipearance of 
diseased shoots caused by adherence of tips of unfolding leaves to adjacent unfolded ones. 
Plant grown in greenhouse from naturally infected bud. B, Severely stunted diseased 
stool in the field. 


followed occasionally by the death of the entire shoot, but more frequently 
by the development of new shoots from the lateral or basal buds. During 
the summer this successive death and sprouting of new shoots continued, 
with few of them attaining a height of more than 2 feet. Not all of the 
shoots died, some retaining a normal healthy color until fall, although they 
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remained severely stunted. In generalj the symptoms agreed with those of 
the disease described by Vizioli/ as caused by Myriogenospora acicullsporae, 
A severely stunted diseased stool, photographed in the fall when healthy 
cane was 6 to 8 feet tall, is shown in figure 1, B. 

Sections of diseased leaves from the spindle showed the presence of 
mature perithecia of a fungus in the upper portions, with progressively less 
mature stages occurring toward the growing point. Aseospore measure- 
ments and other characters of the fungus fell within the limits of Vizioli^s 
description of Myriogenospora aciculisporae. 

A total of 3 shoots in the 8 diseased stools developed into apparently 
healthy, mature stalks. However, they grew to only 3 or 4 feet in height 
and were small in diameter. These stalks were cut into single-bud pieces, 
which were potted in the greenhouse. All of them gave rise to apparently 
healthy plants. Of 3 lateral buds from a diseased stalk potted in the green- 
house, only 1 gave rise to a diseased plant. 

This appears to be the first record of the occurrence of this sugar-cane 
disease in the United States, or in any country other than Brazil and Argen- 
tina.- Thus far it has been found in only the one locality in Louisiana, and 
affecting only 1 variety of cane. While no extensive surveys have been 
made to determine its distribution, it seems probable that if it were prevalent 
or widespread, it would have been found elsewhere during the f airl}" general 
surveys for chlorotic streak that have been made in recent years by the 
writers and others in the Louisiana sugar-cane district. 

Wild grasses, including Andropogon, growing in the vicinity of the dis- 
eased sugar cane, were examined, but no Myriogenospora infection was found 
on them. DiehP has reported a species of Myriogenospora on Andropogon 
in Louisiana, which he identified tentatively as M. Paspali Atk., but stated 
that the 3 described species of the genus could not be distinguished by their 
recorded ascus and spore dimensions. It is possible, therefore, that the 
fungus found on sugar cane by the writers is the same as that -with which 
Diehl worked on Andropogon. Greenhouse infection experiments are in 
progress. — B. V. Abbott and K. L. Tippett, Division of Sugar Plant Inves- 
tigations, Bureau of Plant Industry, U. S. Department of Agriculture, 
Houma, La. 

Preparation of Inoculum with a Mechanical Liquefier} — An instrument, 
now frequently referred to as a blender,^ but also suitably called a high- 
speed mixer, homogenizer, or liquefier, has been used with great effectiveness 

1 Vizioli, J. Estudo preliminar sobre urn novo pyrenomyceto parasita da caiina. Bol. 
Agr.Sao Paulo 27: 60-69. 1926. 

2 Stevenson, J . A., and E. P, Bands. An annotated list of the fungi and bacteria 
associated with sugar cane and its products. Hawaiian Planters’ Eecord 42: 247-313. 
1938. 

3 Diehl, W. W. A Myriogenospora disease of grasses. Phytopath. 24 • 677-681. 

1934 * 

^ Contribution No. 10 from IT. S. Vegetable Breeding Laboratorv, Charleston, S. C. 

2 Waring Corp., 1697 Broadway, N. Y.; Modern Diet Products Supply Co., Milwaukee, 
Wise.; Montgomery Ward & Co. r’r / > > 
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at the Southeastern Eegional Vegetable Breeding Laboratory in making 
inoeiilations with tomato leaf -spot fungi. Since there are innumerable pos- 
sibilities in the application of the technique to other diseases and other hosts, 
a brief reminder to plant pathologists at this time is deemed appropriate. 

Effective mass inoculations with leaf -spot fungi are ordinarily depen- 
dent on a copious spore production ; and, since the tomato early-blight organ- 
ism {Macrospormni solani E. and M.) and the grey leaf -spot organism 
{Stemphyllum solani Weber) do not produce conidia in culture in the great 
quantity desired for inoculation, it formerly had been necessary to resort 
to special techniques to stimulate spore formation. 

The method involving use of the blender eliminates the need for conidia, 
or any other spore forms, and utilizes mycelial fragments that result from 
a brief processing of the fungus mats developed in liquid media. The 
m 3 T*elial fragments are quite as effective as conidia, and complete defoliation 
of greenhouse tomato plants has been obtained within 48 hours after inocu- 
lation with such material of Macrosporium solani. 

Although the organisms used thus far have been grown on liquid media 
(Modified Leonian), cultures grown on semi-solid media, such as agar, bean 
pods, rice, potato cylinders, could be used equally well, since the machine 
is designed for the efficient maceration and liquefaction of raw fruits and 
vegetables. The machine used was purchased for preparing plant extracts 
for chemical determinations. 

The slicing and beating of the blender are accompanied by strong centrif- 
ugal action. The instrument is efficient, and in 5 minutes or less will reduce 
coarse fungus mats to particles small enoiigh to pass through a fine spray 
nozzle. 

The procedure used to inoculate with tomato leaf -spot fungi is to dip the 
foliage of potted tomato plants in the liquid inoculum. However, the effec- 
tiveness of the liquified inoculum applied as a spray has been demonstrated 
in the ease of Stemphylmm solani and Macrosporium solani on tomatoes 
and of Collet oiriclium lindemuthianum on beans. — C. P. Andrus, Bureau of 
Plant Industry, U. S. Dept. Agr., U. S. S. E. Kegional Vegetable Breeding 
Laboratory, Charleston, S. C. 

The Mycorhizal Fungi and Mycorhizae of Four Coniferous Plantations 
in the Rhine Y alley — A request by several foresters in Sud-Badeii for 
further information concerning the ectotrophic mycorhizae of coniferous 
plantations in the Khine Valley initiated a study on 4 coniferous plantations 
in the Black Forest near Karlsruhe to determine the responses of mycorhizal 
formation in sandy and humus soils and the effect of such growth upon the 
general health and probable yield from the stands. A survey of the hy- 
menomycetes that appeared to support this phenomenon also was conducted. 

1 This study was niade during the tenure of a Poreign Exchange Scholarship in the 
Porstliches Institut at A. Ludwigs Universitat, Freiburg i/Br., Germany. 

2 The writer wishes to acknowledge the helpful suggestions by Dr. W. A. Kreiitzer, 
Colorado State College, and the aid given by Pr. Fritz Sprau, Forst-pathologisches Institut 
at Munich, in the identihcation of the fungi. 
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Four l-hectare plots were selected at random, eaeli of wliicli included 
plantations of young Pimis silvestris^ P. sifol)%is, Picea aiies^ and Lcirix euro- 
paea. Two of these plots had sandy soil, and 2 had a rich covering of 
liuinns. 

In order to avoid tw'O possible causes for low yield and the scarcity of 
myeorhizae, the nitrogen content and pH of the soils were tested. 

Hyphal strands of the Hymenomycetes were traced from the fruiting 
bodies to the roots of saplings, and these roots were examined for the pres- 
ence of ectotrophic mycorhizae. 

In table 1 are given the results of tests made to determine the nitrogen 
content and the pH of the soils in the plots. Keadings were recorded for the 
nitrogen content of the top soil and the subsoil at a depth of 6 inches. 


TABLE 1.— Nitrogen content and pE of the soils of the four plots studied 





Nitrogen content (p.p.m.) 

Soil type 

Plot 

pH 



Top soil 

Sub-soil 


Sandy 1 

A 

7.5 

0.049 

0,023 

B 

6.8 

0.039 

0.021 

Humns 

Ca 

4.6 

0.331 

0.088 

L 

4.3 

0.344 

0.096 


a Eormerly an oak plantation site. 


The data given show that the pH values of the humus soils from plots C 
and D were relatively low, whereas those of the sandy soils from plots A and 
B were considerably higher. There was but a slight variation between the 
pH values of the soils in plots C and D. 

It may be noted that plots A and B had relatively low nitrogen contents, 

TABLE 2. — Trees hearing ectotrophic niycorhime and their corresponding mycorhisal 
fungi 


Trees bearing ectotrophic mycorhizae 


MycorMzal hymenomycete 

Finns 

silvestris 

Finns 

strohus 

Picea 

ahies 

Larix 

europaea 

Amanita muscaria 

•4- 

+ 

+ 

+ 

Boletinus porosus !.... 

I . - ■ 

+ 

_ 


Boletus hadius 

■f 

— 

_ 


hovinus 

- 

+ I 

_ 


^ ‘ castaneae 

-- 

+ 



^ ^ elegans 


- 

- : 

T 

granulatis 

-f- 

+ 

~ 

_ 

^ ' iutens 

+ , 

+ 

+ 

4- 

variegatus 

+ 

— 

- 

+ 

Cantharellus ciharius 

- 

4- 



Gortinarius halteatns 


— 

'+ 

— 

camphoratus 

- 


- 

+ 

^ ^ mucosus 

— - 

_ 

~ 

_ 

Laotarius chrysorrheiis 

- 


- 


deliciosus 


+ 



Jtussula fragilis 

+ 

— 
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whereas plots C and D had comparatively higher nitrogen contents. Differ- 
ences in nitrogen contents hetwen plots on the same soil type appeared to 
be of approximately the same degree. 

Neither Hymenomycetes nor mycorhizae were observed on either sandy 
plot; they were scarce on one of the hnmns plots, which formerly had been 
the site of an oak plantation, while on the other hnmns plot Hymenomycetes 
and mycorhizae were nnmerons. In table 2 is given a list of Hymenomy- 
eetes that appeared to snpport the formation of mycorhizae, and the hosts 
that w^ere observed to show snch growth. As shown in this table, several 
of the fungi were not limited to one, bnt were found to snpport mycorhizal 
formation on several hosts. 

Only the trees on plot D, which was rich in hnmns covering and on which 
numerous mycorhizae were found, appeared to be healthy and to give 
promise of a high yield. The trees on the 3 remaining plots generally 
showed signs of nitrogen starvation, and gave no indication of a good 
yield. — ^W. D. Thomas, Jr., Colorado State College, Port Collins, Colorado. 

Fluorescence of Diseased Potatoes. — The fact that cut surfaces ofvirish 
potato tubers, affected with certain diseases, will fluoresce under ultra- 
violet radiation has been noted and discussed by a number of investigators, 
including Iverson and Kelly^ and Harvey.^ While it has been pointed out 
that tissues with various types of breakdown will fluoresce, the impression 
apparently prevails that the fluorescence is a reliable diagnostic symptom 
of ring rot (Bacterium sepedonieum) . 

During the present season it has been possible to examine diseased tubers 
from many cars of certified seed from various parts of the United States. 
In Louisiana there is no tolerance for ring rot in certified seed. If ring rot 
is found in a ear the certification tags are removed and the potatoes cannot 
be sold as certified seed. 

In the routine inspection work, most of the inspectors have been unable 
to distinguish satisfactorily between the ring rot and the so-called stem-end 
rot (apparently caused by Fusarium eumartii). Consequently, all potatoes 
found affected with either of these troubles have been sent to the laboratory 
for confirmation. 

It has been observed that potatoes affected with the stem-end rot, as well 
as those affected with ring rot, fluoresce under ultra-violet radiation. This 
symptom, consequently, has been of little value in confirming the presence 
or absence of ring rot. In all eases it has been necessary to depend on the 
Gram stain.— L. H. Flint and C. W. Edgerton, Department of Botany, 
Louisiana State University, University, Louisiana. 

1 Iverson, V. E., and H. 0. Kelly. A new method of identifying potato tubers free 
from bacterial ring rot and other types of tuber decay. Montana State College Agr. 
Exp. Stat. Mimeo. Oire. 20. 1940. 

2 Harvey, E. B. Eloreseenee of potatoes under ultraviolet light for detecting ring 
I'ot. Phytopath. 31 : 10. 1941. 
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The Use of Methyl Bromide as a Means of Detecting Laient Infections ly 
Colletotrickim spp}—ln ldl%, because the Mediterranean fruit fly {Cera^ 
titis capitata) was found in Hawaii^ Quarantine No. 2^ was passed^ prohibit- 
ing shipment of 30 vegetables and fruits to mainland United, States. Later, 
the melon fly (Dacus cuciirhitae) also was found in Hawaii, and, in 1914, 
Quarantine No. 2 was replaced by Quarantine No. 13."* The number of quar- 
antined plant products was increased to 35. 

In November, 19P, Hawaiian-grown fruits and vegetables were permit- 
ted entry into mainland States, provided the plant products had first under- 
gone either a cold treatment or a vapor-heat treatment, designed to destroy 
the above-mentioned pests, and approved by the U. S. Bureau of Entomology 
and Plant Quarantine.^ The use and value of these two treatments in 
Hawaii have been discussed fully elsewhere.''^'® 

Effective August 1, 1940, a third method of disinfestation^ was approved 
for specific Hawaiian agricultural crops, including papayas and string beans. 
The method consists of fumigation with methyl bromide, 2 lb. per 1000 eu. 
ft., for 3i hr. at atmospheric pressure and at a temperature not less than 
80 ° P. 

It has been found® that mature-green or firm-ripe papayas, treated with 
methyl bromide and held at 50° P. for 6 days (corresponding to shipboard 
refrigeration from Honolulu to California), must be kept at room tempera- 
ture for several additional days in order to ripen. During this ripening 
period, anthracnose (Collet otrichum sp., probably gloeosporioides Penz.), 
develops rapidly on treated fruits, whereas nontreated fruits, otherwise 
similarly handled, exhibit little decay by the fungus. Fruits of both types 
are shown in figure 1, A. The ColletotricJmm sp. becomes established in 
the still immature papaya fruits, as Wardlaw et aU have previously shown 
and as local observations confirm, but remains latent until the fruits 
approach over maturity. Methyl bromide accentuates and accelerates the 
development of the fungus. 

A somewhat similar phenomenon was observed when string beans 
{Phaseolus vitlgaris var. lualualei) were treated with methyl bromide. Here 
the organism was Collet otricMim lindemiithianum (Sacc. and Magn.) Briosi 

1 Published with the approval of the Director as Technical Paper No. 78 of the Hawaii 
Agricultural Experiment Station, Honolulu, T. H. 

2 Quarantine No. 2 (Domestic). Mediterranean Pruit Ply. September 18, 1912. 

3 Quarantine No. 13. Mediterranean Pruit Ply and Melon Ply. March 12, 1914. 

4 Strong, Lee A. Administrative instructions, the shipment of fruits and vegetables 
from Hawaii to the mainland subject to sterilization under supervision is authorized, 
B.E.P.Q. 481. 1938. 

s Jones, W. W., J. J. Holzman, and A. G. Galloway. The effect of high-temperature 
sterilization on the Solo papaya. Hawaii Agr. Exp. Stat. Circ. 14. 1939. 

6 . Vapor-heat treatment for fruits and vegetables giuwn in Hawaii. 

Hawaii Agr. Exp. Stat. Circ. 16. 1940. 

7 Strong, Lee A. Administrative instructions amending authorization of the ship- 
ment of fruits and vegetables from Hawaii to the mainland subject to fumigation with 
methyl bromide under supervision. B.E.P.Q. 510. 1940. 

8 Jones, W. W. Methyl-bromide fumigation of papaya and tomato. Hawaii Agr. 

Exp. Stat. Circ. 17. 1940. ■ 

^IVardlaw, C. W., E. E. D. Baker, and S. H. Orowdy. Latent infections in tropical 
fruits. Trop. Agr. (Trinidad) 16: 275-276. 1939. 
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Pig. 1. Effect of methyl bromide in revealing latent inf ections by Collet otricliim 
spp. A. XJntreated papaya fruit on left; fruit treated with methyl bromide on right. 
B. String beans treated with methyl bromide above; untreated, below. 

and Cav. Treated pods were severely decayed, not only by the pathogen, 
bnt also by saprophytic species of Fusarmm and Alternaria. These secon- 
dary fungi, in all cases, were growing on lesions that exhibited the charac- 
teristic acervuli and salmon-pink spore masses of C. lindemuihiamim. Beans 
from the same lot, not exposed to methyl bromide, but otherwise similarly 
handled, remained free of fungus infection (Fig. 1, B). 

The above findings are presented with the thought that methyl bromide, 
by its action in bringing to light infections that otherwise would remain 
temporarily or permanently latent, may be a useful agent in determining 
susceptibility to infection by fungi. — G. K. Paeris and W. W. Jones, Hawaii 
Agricultural Experiment Station, Honolulu, T. H. 


PRE-PUBLICATION NOTICE OF A REVIEW OF SEXUALITY IN 
THE HIGHER FUNGI BY PROFESSOR A. H. REGINALD BULLER 

The Botanical Review will publish later this year a paper by Professor 
Buller covering his comprehensive studies and a review of contemporary 
literature in the field of cytology and physiology of reproduction in the 
higher fungi (Ascomycetes and Basidiomyeetes). Perhaps a much larger 
number of workers in mycology and plant pathology than are regular sub- 
scribers to the Review may want personal copies of this article, and students 
in undergraduate and graduate courses in mycology will likely find this 
paper so essential an aid to the comprehension of this critical field of study 
that it will become one of their best-thumbed reference works. The article 
will, in fact, summarize much of the material that has been published during 
the last 25 years in the author’s Researches on Fungi, of which the 6th 
volume appeared in 1934, but the 7th, though complete in manuscript, has 
been indefinitely postponed because of the war. It is not widely known that 
the entire unsold stocks of these books were destroyed in the Fire of London, 
on December 29, 1940, nor is it generally realized that very few sets exist in 
personal or, even institutional, libraries in the United States. Furthei^more, 
since these books were Professor Buller ’s almost exclusive channel of publi- 
cation, their unavailability may be painfully felt by future students of 
mycological literature. 

As a service to plant pathologists generally, and with the concurrence of 
the editors of PHYTOPATHOLOGY, I deem it appropriate to call attention 
to the prospective publication of this review. I am informed that the author 
contemplates the purchase of only a limited number of separates, and that 
the cost of these is such that no extensive gratis distribution is feasible. 
However, at the instigation of his associates. Professor Buller has agreed to 
accept advance orders for separates, which will cover two whole numbers of 
the Botanical Review^ at a cost of 50 cents. Remittance should be inclosed 
with order. To obviate difficulties in the exchange of currency between the 
United States and Canada, orders originating here should be sent to the 
Botanical Review (Fordham P. 0., New York, N. Y.) ; those from Canada, 
to Professor Buller at the University of Manitoba.— Freeman Weiss. 

SYMPOSIUM PAPERS AVAILABLE 

The papers presented at the symposium on Plant Quarantines as Bar- 
riers to Interstate Trade” under the auspices of the Section of Plant 
Quarantine of the American Association of Economic Entomologists, at 
Philadelphia in December 1940, have been mimeographed for the benefit of 
those interested. S. A. Rohwer, A. B. Buchholz, D. B. Mackie, Lee McClain, 
R. P. White, T. J. Headlee, and E. L. Chambers are the authors. As long 
as they last, copies may be obtained free by members of the American Phy- 
topathological Society who address a request to: Howard P. Barss, Office of 
Experiment Stations, U. S. Department of Agriculture, Washington, D. C. 

, R79. 
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SUMMEE MEETING OF THE NOETH CENTEAL STATES GEOUP 
OP PHYTOPATHOLOGISTS 

The North Central States group of phytopathologists will conduct a 
summer tour in southern Michigan from July 10 to 12. The group will 
assemble at St. Joseph, Michigan, on July 9. July 10 will be spent in the 
intensive fruit and vegetable area in Berrien and Van Buren Counties. 
July 11 will be devoted to visiting fruit, mint, celery, vegetable, cereal, and 
muck crops between South Haven and Kalamazoo. The night will be spent 
at Bast Lansing. On July 12 the group will visit experiments and labora- 
tories at the college. 

Members of the Society other than those in the North Central States 
(Michigan, Wisconsin, Minnesota, Iowa and Ohio) who plan to attend the 
meeting should wTite to Donald Cation for detailed program about June 10. 




THE BEHAVIOR OP CERTAIN VIRUSES IN PLANT ROOTS^ 

RobeetW. Fulton 
(Accepted for publication November 18, 1940) 

A characteristic feature of many viroses is the spread of the causative 
agent into all parts of the plant, with the exception, in certain instances, of 
the seeds. Many viroses have been regarded as completely systemic, how- 
ever, without proof that the virus invades the roots. While there is appar- 
ently no reason to suppose that root invasion is not a regular occurrence, the 
presence and behavior of viruses in the roots has received less attention than 
the subject merits. 

In connection with the physiology of viroses, it is of interest to know 
the extent to which virus behavior is modified in different organs of the 
plant. Since the physiologic functions of the roots are different from those 
of the leaves, viruses are subject to a set of conditions in the roots that differ 
correspondingly from those in the leaves and stems. It seemed likely that 
these differences might be of such nature and magnitude as to affect the 
behavior of viruses and that consideration of the virus in the roots would 
provide a better understanding of the host- virus relationship. 

From a practical viewpoint, the question of root infection is still un- 
settled. Scattered reports in the literature indicate that direct infection of 
roots is not regularly secured by artificial inoculation, although viruses do 
appear to invade the roots readily following leaf inoculation. This appar- 
ent inconsistency has been explained in this investigation by the demonstra- 
tion that, although roots are easily infected directly, the virus moves upward 
very slowly, and does not, within relatively long periods of time, enter the 
stem or induce leaf symptoms. 

Since it was necessary to limit most of the work to only a few of the large 
number of viruses and plant species available for such studies, general con- 
clusions may not be warranted. The data presented are sufficient to show, 
however, some marked differences in the behavior of viruses in the roots of 
tomato and tobacco as compared with the behavior in the leaves. It is be- 
lieved that a knowledge of such differences is essential to a better under- 
standing of virus diseases in plants. 

REVIEW OF LITERATURE 

The presence of viruses in plant roots, while not investigated extensively, 
has been reported in certain instances. The ordinary tobacco-mosaic virus 
was recovered, for example, from the roots of tobacco, tomato, and petunia 
by Allard (1, 2) as early as 1916. More recently. Price (28) has reported 

1 This investigation was conducted under allotments from the University of Wisconsin 
Research Fund. This paper was presented to the Graduate School of the University of 
Wisconsin in partial fulfillment of the requirement for the degree of Doctor of Philosophy. 

The writer is indebted to Dr. James Johnson for advice and criticism during the work 
and preparation of the manuscript, 

■ ■ • " .575 ■ 
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finding* the tohacco-ringspot virus, and Smith (33) the tobacco-necrosis 
virus, in the roots of tobacco plants. The sugar beet curly-top virus, the 
tomato bunchy-top virus, and several others have been demonstrated in 
roots. 

Apparently, in only two instances was failure to demonstrate viruses in 
the roots of infected plants reported. Doolittle (13) did not recover ordi- 
nary cucumber-mosaic virus from the roots of infected cucumber plants, and 
Fajardo (17), using the root extract of mosaic bean plants, obtained no 
infection. 

Conflicting reports have been xDublished on the susceptibility of roots 
to direct infection. Allard (1, 3) concluded that wounded tobacco roots 
might be infected by the ordinary tobacco-mosaic virus, although infection 
did not occur regularly. Mulvania (27), Lehman (24) and Johnson (21) 
reported that attempted inoculations of tobacco roots with the ordinary 
tobacco-mosaic virus failed to cause leaf sjanptoms. White (37) could not 
infect sterile excised tomato roots in vitro by inoculating them directly with 
the ordinary tobacco-mosaic virus. According to Doolittle (13), cucumber- 
mosaic virus did not infect cucumber plants through the roots. Webb (36), 
however, obtained convincing evidence that the virus of wheat mosaic does 
regularly infect through the roots of wheat plants. Fajardo (17) obtained 
infection by immersing the cut ends of bean roots in an extract of bean- 
mosaic virus. By this same method, however, Doolittle and Wellman (14) 
were unable to infect celery plants with the celery-mosaic virus. One virus, 
on the other hand — ^that of phony disease of peach — ^lias been transmitted 
only by root grafts (19) . 

The occurrence of a virus normally infesting only the roots of tobacco 
was reported by Smith (33). When inoculated to the leaves, the virus re- 
mained localized. Price (30) , in comparing this virus wdth ordinary tobacco- 
mosaic virus, found that tobacco roots could be directly infected by each 
virus, but that leaf symptoms did not result from root infection. Bennett 
(9) reported that tobacco-mosaic virus could directly infect tobacco roots, 
but that upward movement of the virus into the leaves occurred only after 
relatively long periods, or after removal of the tops of the plants. 

Studies on the movement of viruses in their host plants have been con- 
cerned mainly with the movement that occurs in the aerial parts of the plant. 
The literature on this subject is voluminous and need not be cited in detail 
here, particularly, since Esau (16), Crafts (11), and Bawden (5) have re- 
cently presented reviews. In brief, the experimental results have indicated 
that mechanically transmitted viruses move relatively slowly through the 
parenchyma until they reach vascular tissue. Upon invading the vascular 
tissue, the viruses move upward and downward in the stem with relative 
rapidity. The evidence has indicated that the phloem is the channel of this 
rapid systemic movement of viruses. In the case of the sugar-beet curly-top 
virus, particularly, Bennett (6, 8) has shown that the direction of movement 
is determined by factors which presumably determine the direction of move- 
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nieiit of food materials in the plant. The evidence also indicates that the 
niechanism responsible for the movement of this virus is of the nature of a 
mass flow of solution in the phloem. 

In addition to the problems of root invasion, direct infection, and move- 
ment of viruses in roots, questions have arisen as to the effect of the root 
tissues on the virus itself. It has been reported in several instances that 
viruses appear to be lower in coneentration in the roots of infected plants 
than in the leaves. This was demonstrated by Price (28), using tobacco 
plants infected with the tobacco-ringspot virus. Matsumoto and Samazawa 
(26) found that the concentration of the antigen of tobacco-mosaic virus, 
presumably representing actual virus concentration, was approximately 
equal in fresh extracts of diseased tobacco leaves and roots. Stanley (35), 
however, ultracentrifugally extracting the protein of aucuba-mosaic virus, 
found that the yield of this protein (mg. per cc. of crude juice) from roots 
of infected tomato plants was only about one-fourth the yield from leaves. 

That the ordinary tobacco-mosaic virus multiplies in root tissues was 
shown by White (37) by means of sterile roots excised from infected tomato 
plants and grown m vitro. He found that rate of multiplication of the 
virus in these roots seemed to be correlated with rate of root growth. 

MATERIALS AND METHODS 

The viruses employed in this investigation were those of ordinary tobacco 
mosaic (tobacco virus i), ordinary cucumber mosaic (cucicmber virus 1), 
severe etch, tobacco ring spot, and potato ring spot. In a few trials, the 
viruses of common bean mosaic, tobacco streak, and tobacco broad ring spot 
(22) were used. 

A considerable number of genera and species of host plants were inocu- 
lated in certain preliminary phases of the investigation. The two host 
plants selected as particularly suitable for more detailed study were tobacco 
(Nicotiaua tabacum var. Havana-seed) and tomato (Lycopersicum escu- 
lentimi var. John Baer). 

The plants were grown in composted soil in 4-in. pots. Readily avail- 
able roots were obtained by inducing them to grow through the perforation 
in the bottom of the pot into water (Fig. 1). For this purpose, tall crocks 
were used that were wide enough to allow a pot to be inserted up touts 
rim. The space in the crock below the bottom of the pot was kept partly 
filled with water, and the soil was periodically watered from below by rais- 
ing the water level in the crock above the base of the pot. The roots that 
grew out through the perforation were soil-free, and could be removed and 
tested for virus without appreciably disturbing the plant. Such roots also 
could be inoculated without introducing the virus into the soil, and virtually 
eliminated the possibility of the plants' becoming infected by contact of the 
stem or leaves with the virus. 

During the time the roots were growing from the base of the pots, the 
plants were kept in a greenhouse at 19° to 24° C., this temperature being 
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most favorable for root growth. Just before being inoculated, the plants 
were moved into a greenhouse kept at 27“ to 32° G., a temperature more 
favorable for the progress of most virus diseases. 

Leaves were inoculated in the usual manner by lightly rubbing or wiping 
them with a cheesecloth pad dipped in fresh virus extract. The leaves to be 
inoculated, except those of tobacco and tomato, were first dusted with a small 
amount of carborundum powder. Root inoculations were made also with 



Fig. 1. Method of growing exposed roots for experimental purposes. The d-ineh pot 
is set directly in the 4-inch crock containing water which permits suh -irrigation when 
desired and forms a dark^ moist chamber into which the roots grow through the perfora- 
tion in the base of the pot. 

carborundum powder, which was added to the infectious extract before the 
roots were rubbed. All plants were relatively young and actively growing 
when inoculated. 

The presence of virus in the tissue extracts was determined by wiping 
the extract on the leaves of 5 young healthy test plants. Since all but one 
of the viruses produced characteristic symptoms on tobacco, this plant was 
used almost exclusively for determining the infeetivity of the various ex- 
tracts. Seedling bean plants {Phaseolus vulgaris L. var. Common Refugee) 
were used to test for the presence of common bean-mosaic virus. In tests 

1 . -i-'U/x r\-r»rv/^n nr» lAfiVPSi nf 
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the NicoUana gluUnosa x N. iabaeiim hybrid (20) were used to determine 
the presence of the virus. This plant is referred to simply as ' ‘ the hybrid’ ’ 
in the text of this paper. 

EXPERIMENTAL RESULTS 

Boot Invasion by Different Viruses 

Since little is known of the regularity with which some viruses invade 
roots from aerial plant parts, further information on this subject was sought 
> at the outset. Plants known to be susceptible to systemic invasion by one or 

more viruses were selected from a number of different families and genera. 
Pour plants of the species to be tested were used in each trial with each 
virus. The roots of these plants were allowed to grow from the bottoms of 
the pots into crocks containing water. Several young leaves were inocu- 
lated with fresh leaf extract of the virus. At intervals of 5, 10, 15, and 20 
days after inoculation, roots were removed from one of the 4 plants and 
tested for the presence of the virus originally introduced into the leaves. 

Since the roots were tested for virus only every 5 days and only a few 
trials were run with each virus in a single host, data on the rate of invasion 
of the roots by the various viruses are probably not significant and are not 
included here. In over one-half of the trials, however, the virus appeared 
in the roots within 5 days after inoculation, while in 85 per cent of the tests, 
virus was present in the roots within 10 days after inoculation. It is evi- 
dent, therefore, that root invasion by some viruses occurs relatively soon 
after infection of the leaves. 

The following host plants were inoculated, species being grouped under 
the viruses found to invade the roots within 20 days after the leaves were 
inoculated : 

Hibiscus esculentus L. 

Lycopersicum esculentum Mill. 
Nicotiana gluUnosa L. 

N. iabacum L. 

Solanum melongenaJj, 

S. nigrum L. 

Spinacia oleracea L. 

Zinnia elegans Jacq. 

POTATO-RING-SPOT VIRUS 

Lycopersicum esculentum Mill. 
Nicotiana glutinosa L. 

N. tabacum L. 

Solanum melongena L. 

S. nigrum L. 

BEAN-MOSAIO VIRUS 
Phaseolus vulgaris li. 


ORDINARY TOBACCO-MOSAIC VIRUS 
Cynoglossum amabile Stapf. and 
Drum. 

Fagopyrum esculentum Gaertn. 
Lycopersicum esculentum Mill. 
Nicandra physaloides (L.) Pers. 
Nicotiana tabacum L. 

Petunia violacea Lindl. 

Solanum nigrum L. 

Spinacia oleracea L. 

ORDINARY CUCUMBER-MOSAIC VIRUS 

Apium graveolens Jj. 

Capsicum fructescens L. 
Cynoglossum amabile Stapf. and 
Drum. 

Cucumis sativus L. 

Fagopyrum esculentum Gaertn. 
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TOBAOCO-EING-SPOT VIRUS 

Amaranthus caudahis L. 

Aster laevis Jj. 

Calendula officinalis L. 

Cnctimis sativus L. 

Cynoglossim amaHle Stapf. and 
Drum. 

Batura stramonium L. 

Dolichos lahlah. L. 

Helianthus annmis L. 

Hihiscus esculent us L. 

Nicandra physaloides (L.) Pers. 
Nicotiana glutinosa L. 

N. iahacum L. 

Petunia violacea Lindl. 

Salvia splendens Ker. 

Solanum melongena L. 

Spinacia oleracea Lindl. 

Zinnia elegans Jacq. 


SEVERE-BTCH VIRUS 

Batura stramonium L. 
Lycopersicum esculentum Mill. 
Nicandra physaloides (L.) Pers. 
Nicotiana glutinosa L. 

N. tal)acum L. 

Petunia violacea Lindl. 

Solanum nigrum L. 

TOBACCO-STREAK VIRUS 

Batura stramonium L. 

Nicotiana glutinosa L. 

N. tabacum L. 

BROAD-RING-SPOT VIRUS 

Batura stramonium L. 

Nicotiana iahacum L. 


In the roots of a few species, no virus was found within 20 days after 
inoculation. The young, noninoculated leaves of these plants, when tested 
as inoculum, also failed to cause infection. It seems safe to assume, there- 
fore, that in every case where the virus became systemic in the leaves and 
stems it also entered the roots. In all, 8 different viruses were recovered 
from the roots of a total of 56 species of plants. 


Susceptibility of Roots to Direct Infection 


Although systemic invasion of roots by different viruses inoculated to 
the leaves occurs readily, previous reports are conflicting on the question 
of whether or not roots can be infected by sap inoculation. As has been 
mentioned, Price (30) and Bennett (9) have recently shown that tobacco 
roots may be directly infected with ordinary tobacco-mosaic virus, the virus 
remaining more or less confined to the roots. In view of earlier reports by 
others of failure to infect plants through the roots, it seemed worth-while to 
attempt to obtain additional information on this point and to extend the 
observations to viruses other than the ordinary tobacco-mosaic virus. 

The recovery of the ordinary tobacco-mosaic virus from inoculated roots 
may not be conclusive evidence of infection because of the possible persis- 
tence on the root surfaces of the virus originally applied as inoculum. It 
was believed that if viruses ordinarily inactivated in a few days by aging 
could be recovered several weeks after roots were inoculated, this would 
offer better evidence that root infection had occurred. By this method evi- 
dence of the direct infection of tobacco roots by the viruses of tobacco-ring- 
spot and ordinary cucumber-mosaic was obtained. These viruses were re- 
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covered from tobacco roots 28 days after the roots were inoculated. In each 
ease 10 out of 10 young tobacco plants were infected by the extract of the in- 
oculated roots. No symptoms developed on the leaves of the root-inoculated 
plants, and virus could not be recovered from the leaves. 

Another criterion was used to determine whether tobacco roots could be 
infected directly by ordinary tobacco-mosaic virus. The presence of inclu- 
sion bodies in the cells of inoculated roots should offer direct proof that 
infection has been obtained. Accordingly, the roots of several young tobacco 
plants w^ere rubbed with fresh extract of ordinary tobacco-mosaic virus and 
immediately washed in running water. Fourteen days later, pieces of the 
roots were cut from the plants and fixed in formalin acetic-acid alcohol 


Eig. 2. Photomicrograph of longitudinal section of tobacco root stained witli iron- 
alum haeniatoxylin. The root had been inoculated with tobacco mosaic virus 14 days 
previously. An x-body lies beside the nucleus. 


fixative. As controls, noninoculated roots from healthy plants and roots 
from typically mosaic plants were also fixed. Parafan sections of these roots 

were stained by the iron alum-haematoxylin method. 

Inclusion bodies, both x-bodies (Fig. 2) and striate material, were found 
abundantly in directly inoculated roots. These bodies did not differ from 
those found in roots infected by invasion of the virus from the leaves. No 
inclusion bodies were found in the noninoculated control roots. The plants 
from which directly inoculated roots had been removed were held for an ad- 
ditional 30 days. At the end of this time, no symptoms had developed and 
no virus could be recovered from the leaves. Similar inclusion bodies also 



582 


PHyTOPATHOLOGY 


[VoL. 31 


meats that roots may be infected by direct inoculation with the ordinary 
tobacco-mosaic virus. The infection, however, is evidently confined to the 
roots, as the aerial parts of the plants remain apparently healthy. 



Fig. 3. Local lesions on roots of hybrid (Niootiana tabacum x N. gluUnosa) result- 
ing from direct inoculation with ordinary tobacco mosaic virus. A. Boots inoculated by 
wiping with infectious extract. B. Boots wiped with extract from healthy plants. 

Root infections differed from leaf infections in that no macroscopic symp- 
toms developed on the roots as a result of direct infection. Neither have 
symptoms been observed on any roots of plants systemically invaded from 
aerial parts by the viruses used in this investigation. A necrotic type of 
symptom may develop on roots, however, as was shown by rubbing the roots 
of the hybrid {Niootiana tabacum x N. glutinosa) with the extract of ordi- 
nary tobacco-mosaic virus. Four to 5 days after inoculation, elongate, light- 
brown spots appeared on the older roots (Pig. 3). Lesions completely en- 
circled the smaller rootlets and caused them to break when slightly dis- 
turbed. Within 8 to 10 days after inoculation, the entire root system was 
brown and soft, perhaps partly as a result of secondary invasion by micro- 
organisms. Portions of the roots that remained under water after inocu- 
lation showed soft, indefinite lesions with little discoloration. Hybrid roots, 
rubbed with healthy tobacco extract containing carborundum powder, re- 
mained healthy in appearance. Using other methods of inoculation with 
the ordinary tobacco-mosaic virus, Johnson (21) had previously failed to 
secure symptoms on the roots of the hybrid host. 

Movement of Viruses in Inoculated Roots 
The observation that direct infection of the roots did not result in leaf 
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in the roots. In order to determine the rate and direction of virus move- 
ment subsequent to root infection of tomato and tobacco, the following 
method was used. The individual roots of each plant in a series of 4 or 5 
plants were separated and straightened so that loops did not occur. A 1-in. 
section of the roots about 3 to 4 inches below the bottom of the pot was 
marked for inoculation by tying 2 threads lightly around the roots (Fig. 4). 
The roots between the threads were inoculated by rubbing with infectious 
extract containing carborundum powder, taking precautions to avoid con- 
taminating the remainder of the root system with the inoculum. The roots 
were then washed for about 30 seconds in running water. 



Fig. 4. The rate and direction of virus movement in roots was investigated by means 
of inoculating marked sections of roots as shown here and returning the roots to the moist 
chamber where they were grown. 

At daily intervals after inoculation, the roots were cut into 1-in. sections 
at definite distances above and below the inoculated sections. These pieces 
of root tissue were then macerated with a few drops of water and inoculated 
to either the hybrid host or 5 young Havana-seed tobacco plants. 

Results showing the rate and direction of movement of ordinary tobacco- 
mosaic virus in inoculated roots of tobacco and tomato are presented in table 
1. It is apparent that downward movement in the roots occurred rapidly 
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TABLE of movement of tohacco-mosaie virus upward a7id downward from 

the point of inoculation of the roots 


Host 

Position of root sec- 
tions tested, inches 
above or below 
inoculated 
section 

Average number of local lesions on hybrid leaves 
from three trials with root sections taken 
at positions and intervals (days) 
shown after inoculation 

2 

3 

4 

5 

6 


2-3 above 

0 

0 

0 

0 

0 


1-2 do 

0 

0 

0 

0 

17 


0-1 do 

0 

44 

57 

44 

61 


Inoculated section 

35 

367 

404 

428 

328 

Tobacco 

0-1 below 

0 

6 

43 

:o9 

301 


1-2 do 

0 ; 

1 

38 

79 

400a 


2-3 do 

0 

3 

48 

61 

413 


Over 3 do 

0 

8 

56 

42 

327 


2-3 above 

0 

0 

0 

0 



1-2 do 

0 

0 

0 

0 



0-1 do 

0 

6 

60 a 

7 



Inoculated section 

34 

136 

250a 

172 


Tomato 

0-1 below 

0 

0 

80 

200a 



1-2 do 

0 

10 

62 

300a 



2-3 do 

0 

6 

133 

450a 



Over 3 do 

0 

17 

150a 

450a 



a Estimated. 


but that upward movement was very slow. In both hosts, the virus re- 
mained localized in the inoculated area for 2 to 3 days, then descended 4 
inches within one 24-hour period. 

The results of similar trials with several other viruses in tobacco and 
tomato roots are presented in table 2. All the viruses used in both hosts 
moved upward in the roots only very slowly. The downward movement, on 
the other hand, usually occured rapidly. The viruses differed in the length 
of time they remained localized in the inoculated section. Cucumber-mosaic 
virus in tobacco roots, for example, remained localized in the inoculated area 
for 4 days, while tobacco-mosaic virus remained localized only 2 days. 

The results with potato-ring-spot virus in tobacco roots are not tabulated 
because, with few exceptions, the virus was recovered only from the inocu- 
lated section in the 10-day period the trials were run. The exceptions were 
recovery of virus in a few instances from sections immediately above or 
below the one inoculated. The results with tobacco-ring-spot virus are some- 
what similar, except that in two instances the virus more or less completely 
invaded the roots below the point of inoculation. It is perhaps significant 
that the upward movement of these two ring-spot viruses in tobacco roots was 
also nauch slower than for the other viruses tested. 

Samuel (32) pointed out that if viruses are transported in the phloem, 
then all viruses in the same host should move at the same rate, but might 
differ in the time required to move through parenchymatous cells and enter 
the phloem. This is apparently the ease with the dowmward movement of 
different viruses in inoculated tomato and tobacco roots. Presumably the 
two viruses that remained localized, or nearly so, moved so slowly through 
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TABLE 2. Mates of woveinent of different viruses upward and downward from the 
point of inoculation of the roots of tobacco and tomato 


Virus and 
liost 


Position of root sec- 
tions tested, inches 
above or below 


Number of times^^ virus was recovered in three 
trials from root sections taken at positions 
sliowm at following daily intervals 



section 

2 days 

3 days 

4 days 

5 days 

6 days 

Severe- 

1-2 above 

0 

0 

0 

0 


etch 

0-1 do 

0 

1 

1 

2 


virus 

Inoculated section 

1 2 

2 

3 

3 


ill 

1-2 below' 

0 

1 

3 

3 


tomato 

Over 3 do 

0 

1 

3 

3 


Potato- 

1-2 above 

0 

0 

0 

0 


ring-spot 

0-1 do 

1 

3 

1 

2 


virus 

Inoculated section 

3 

3 

3 

3 


in 

1-2 below'- 

0 

0 

3 

3 


tomato 

Over 3 do 

0 

0 

3 

3 


Cucumber- 

1-2 above 


0 

0 

0 

0 

mosaic 

0-1 do 


0 1 

1 

0 ^ 

1 

virus 

Inoculated section 


2 

3 

3 

3 

in 

1-2 below 


0 

0 

2 

3 

tobacco 

Over 3 do 


0 

0 

1 

3 

Severe- 

etcb 

2-3 above 

0 

0 

0 

0 


1-2 do 

0-1 do 

0 

0 

0 

1 

0 

1 

1 

2 


virus 

Inoculated section 

2 

2 

3 

3 


in 

tobacco 

1-2 below 

Over 3 do 

0 

0 

1 

1 

3 

3 

2 

3 




7 days 

8 days 

9 days 

10 days 

11 days 

Tobacco - 

1-2 above 

0 

0 

0 

0 

0 

ring-spot 

0-1 do 

0 

1 

0 

0 

0 

virus 

Inoculated section 

2 

3 

3 

3 

3 

in 

1-2 below 

0 

0 

2 

0 

0 

tobacco 

Over 3 do 

0 

0 

1 

0 

0 


a Five tobacco plants were used in each trial, 
recorded as positive infection for the trial. 


One or more infected plants were 


the parenchyma that they did not reach the phloem within the periods of 
the experiments. It will be noticed that, in general, the viruses that re- 
mained localized the shortest time were those that ultimately moved farthest 
upward. It seems likely therefore, that the period of localization and the 
upward movement in the roots are dependent upon the relatively slow move- 
ment of the virus through parenchyma tissue. 

Virus Movement in Leaves and Stems as Compared with Movement in Roots 

The type of virus movement observed in roots differs in some respects 
from that observed in leaves and stems by other workers. In the roots, 
viruses move rapidly only downward, but it often has been reported (9, 18, 
23, 32) that, in stems, viruses move relatively rapidly both upward and 
downward. Previous work on virus movement in tobacco and tomato, how- 
ever, has been confined to one or two viruses, and the experiments conducted 
under conditions that may have differed somewhat from th^e used in the 
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present investigation. For this reason trials were made to determine the 
rate of movement of several different virnses following leaf inoculation of 
tomato and tobacco, with the purpose of comparing the results with those 
of tests on virus movement in the roots. 

The plants used varied in different tests from 6 to 12 in. in height (6 to 
14 leaves), but were of a uniform size for each trial. The roots of these 
plants were allowed to grow into the crocks as in the previous experiments. 
The single leaf inoculated in all cases was the third from the top of the 
plant, the first leaf counted being about 1 inch long in each case. 

Data on the movement of the virus were obtained in two ways. At daily 
intervals after inoculation, the inoculated leaf was removed from one plant. 
The subsequent presence or absence of symptoms indicated whether or not 
the virus had moved from the inoculated leaf into the stem within the time 
interval allowed. At the same time that the inoculated leaf was removed 
the roots were also removed and tested for the presence of virus by inocula- 
tion to healthy plants. This method provided a measure of the time a virus 
remained localized in the inoculated leaf and the total time required for 
downward invasion of the roots (Table 3). 


TABLE 3. — Comp^arison of rates of downward movement of different viruses from a 
single inoculated leaf of tobacco and tomato plants 


Host 

Virus of 

Number 

of 

trials 

Average time 
(hours) be- 
tween inocu- 
lation and 
first appear- i 
ance of virus 
in stem 

Average time 
(hours) be- 
tween inocu- 
lation and 
first appear- 
ance of virus 
in roots 

Average differ- 
ence in hours 
between first 
appearance of 
virus in stem 
and first appear- 
ance in roots 

Tobacco 

Ordinary tobacco 
mosaic 

11 

60 

81 

21 

do 

Ordinary cucumber 
mosaic 

5 

84 

104 

20 

do^ 

Potato ring-spot 

3 


240c 


dob 

Potato ring-spot 

3 

168 

224 

56 

do 

Tobacco streak 

3 

88 

112 

24 

do 

Severe etch 

4 

48 

72 

24 

do 

Tobacco ring-spot 

4 

136 

210 

74 

Tomato 

Ordinary tobacco 
mosaic 

5 

64 

i 

84 

20 

do 

Ordinary cucumber 
mosaic 

3 

184 

200 

16 

do 

Potato ring-spot 

5 

53 

77 

24 

do 

Severe etch 

5 

62 

91 

29 


a Plants 6 indies or more in height, 
b Plants 4 inches or less in height. 

c No virus in the roots in the time indicated, when the trials were terminated. 


The viruses differed from one another in the length of time they re- 
mained confined to the inoculated leaf. This period largely determined the 
total time required for the viruses to reach the roots, since, with two excep- 
tions (tobaeco-ring-spot and potato-ring-spot viruses in tobacco plants), each 
virus appeared in the roots in about 24 hours after it first appeared in the 
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stem. That this period does not represent the time used by the virus in 
moving down the stem is shown by the observation that a virus entered the 
roots of plants 12 in. tall quite as soon as the roots of plants half as tall. 
A possible explanation is that small amounts of virus present in the stems 
in the early stages of invasion multiplied and eventually induced symptoms, 
but that the same amount of virus was not detected in the roots when they 
were used as inoculum. It seems evident that the viruses used, except that 
of potato-ring-spot in tobacco, moved downward in,to the roots at fairly rapid 
rates. These results are in general accord with those of other investigators 
with respect to the rate of movement in stems. 

The movement of potato-ring-spot virus and tobacco-ring-spot virus in 
tobacco differs somewhat from that of the other viruses. Only when tobacco 
plants 4 in. high or less were inoculated did the potato-ring-spot virus move 
into the roots and then not consistently. The movement of tobacco-ring-spot 
virus in tobacco was somewhat similar, although systemic movement did 
occur in fairly large plants. With both these ring-spot viruses in tobacco, 
2 or 3 days elapsed between the first appearance of the virus in the stem and 
roots, respectively. These viruses either were not detected in the roots for 
1 or 2 days after root invasion occurred, or they moved more slowly down 
the stem and into the roots than other viruses used in these trials. 

A comparison of the relative time required for downward movement of 
several viruses in the roots with the time required for downward movement 
in the leaves and stems is presented in table 4. These figures show that the 


TABLE 4. — Comparison of the time required for the downward movement of several 
viruses from an inoculated leaf and from an inoculated area of the roots 


Host 

Virus of 

i 

Average time (hours) 
between leaf inocu- 
lation and root 
invasion 

Average time (hours) 
between root inocula- 
tion and invasion of 
the portion of the 
root system below 

Tobacco 

Ordinary tobacco mosaic 

81 

80 

do 

Ordinary cucumber mosaic 

104 

120 

do 

Potato ring-spot 

240a 

288a 

do 

Severe etch 

72 

80 

do 

Tobacco ring-spot 

210 

216b 

Tomato 

Ordinary tobacco mosaic 

84 

96 

do 

Potato ring-spot 

77 

88 

do 

Severe etch 

91 

88 


a Downward movement did not occur within the times indicated when the trials were 
terminated. 

t) Irregular. 


time required for the viruses to enter the systemic phase is approximately 
the same regardless of whether leaves or roots are inoculated. Evidently 
the factors that determine the period a virus remains localized are approxi- 
mately the same in the leaves and roots. 

The unidirectional movement of virus in inoculated roots seems to indi- 
cate that a mass flow of food materials from the leaves to the growing points 
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of the roots may be concerned in the transportation of the virus. Bennett 
(8 9) already has presented considerable evidence indicating that the move- 
ment of the viruses of ordinary tobacco mosaic and sugar-beet curly top in 
tobacco and sugar beets is governed by a mass flow of food materials in the 
phloem. If this interpretation of virus movement in roots be correct, viruses 
inoculated at the base of the plant stems, below all leaves, should exhibit the 
same type of movement as that found in inoculated roots. Accordingly, 
trials with tomato plants were run in which 1 in. of stem just above the soil 
level was inoculated by rubbing with the extract of ordinary tobacco-mosaic 
virus. After appropriate intervals, the stem above the point of inoculation 
was cut into 5 sections, each 1 in. long. These stem sections and the roots 
growing from the bottom of the pot 6 inches below the point of inoculation 
were tested for the presence of virus by inoculating leaves of hybrid plants 
(Table 5). The virus moved rapidly from the point of inoculation both up- 
ward in the stem and downward into the roots. In two of the trials, the 
virus appeared in the roots before invading the stem above, "while in one 
trial the stem and roots were both invaded within the same 24-hour inteiwal. 
It appears, therefore, that when the base of the stem is inoculated, the up- 
ward movement of the virus is not restricted, as it is in the roots. 

The nearly simultaneous movement of virus in both directions from the 
base of tomato stems is open to several interpretations. If, as Curtis (12) 
holds, viruses move in both directions in the phloem by a process of activated 
diffusion, then it must be concluded that this type of movement is radically 
modified in the roots. On the other hand, if the virus moves in only one 


TABLE 5. — Movement of tohacco-mosaic virus upward and downioard from, the point 
of inoculation of the base of the stem of tomato plants under various conditions of 

illumination 


Treatment of 
inoculated 
plant 

Position of stem sections 
tested, inches above or 
below inoculated 

Number of timesa virus was recovered in three 
trials from stem sections taken at positions 
showai at following daily intervals 

section 

3 days 

4 days 

5 days 

6 days 

7 days 


2 3 3 

2 3 3 

2 3 3 

3 3 3 

3 3 3 

0 0 0 

0 0 0 

2 3 . 2 

3 3 3 

0 0 2 

2 ' '■ 2' ■■ '3, 

2 2,3 

3 3 3 

3 3 3 

3 3 3 


a One hybrid was used as a test plant for each trial. A trial was lecoided as positive 
if more than one lesion developed. 


Natural 
light in 
greenhouse 


Continually 

darkened 

after 

inoculation 

Constantly 

illuminated 

after 

inoculation 


Over 4 above 
2-3 do 
0-1 do 

Inoculated section 
Roots (6 inches below) 

Over 4 above 
2-3 do 
0-1 do 

Inoculated section 
Roots (6 inches below) 

Over 4 above 
2-3 do 
0-1 do 

Inoculated section 
Roots (6 inches below) 


0 

0 

2 

3 

1 

0 

0 

0 

3 

0 

0 

0 

3 

3 

2 
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direction at a time in a mass flow of food materials, then the direction of 
flow throngh the base of the stem must alternate during a period of 24 hours. 
Or, as Kunkel (23) suggests, mass flows in opposite directions may occur in 
different phloem strands. 

On the assumption that reversal in the direction of virus movement in 
the stem may occur as a result of the daily alternation of light and darkness, 
trials were conducted in which the plants were kept under constant condi- 
tions of illumination and temperature. In one series tomato plants were 
kept ill a dark chamber after inoculating the base of the stem with ordinary 
tobacco-mosaic virus. In the other series tomato plants were placed in a 
constantly illuminated chamber (3 to 4 ft. below 6 Mazda 30-watt, 115-volt, 
daylight fluorescent lamps) at a temperature of 27° C. for 1 day before in- 
oculation of the base of the stem, and were kept under these constant con- 
ditions for the duration of the trial. The stem and roots were tested for the 
virus as in previous trials (Table 5) . 

Total darkness prevented upward movement of the virus from the base 
of the stem of the tomato plants. Downward movement into the roots 
occurred, although not so soon as in plants in the light. Under conditions 
of total darkness, therefore, unidirectional movement was observed. In con- 
stantly illuminated plants, the virus movement was almost simultaneous in 
both directions. It seems possible, however, that the constant illumination 
may not have affected the direction of mass flow of food material. 

Factors Affecting Virus Movement in Inoculated Roots 

If virus movement in inoculated roots occurs in a mass flow of food mate- 
rials from the leaves into the roots, it should be possible to vary the move- 
ment of the virus by treatments designed to vary the flow of food materials. 
Since the effect of such treatments on the movement of food materials can 
only be assumed, definite proof of a correlation between food material and 
virus movement is not possible, although the response of virus movement to 
different treatments should give some information on the factors involved. 

Since the movement of food materials into the roots is dependent upon 
photosynthesis in the leaves, the absence of light on the aerial parts of the 
plants may logically be expected to affect the movement of virus in the in- 
oculated roots. Trials of this sort were carried out by iiioculating the roots 
of tomato and tobacco plants, as before, with the ordinary tobacco-mosaic 
virus, and placing the plants immediately in a dark chamber in the warm 
greenhouse. At the same time, the effect of darkening on virus movement 
in the aerial parts was determined by inoculating the third leaf from the 
top of each of a series of 4 or 5 plants with the ordinary tobacco-mosaic 
virus, and then keeping the plants in the dark chamber until the roots were 
tested for virus. 

The downward movement of the virus in the inoculated roots was only 
slightly affected by darkening the plants. Since these trials were run with 
2-day intervals between tests for virus, the lesser effects of the treatment 
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on the movement of the virus perhaps were not noticed. In tobacco roots, 
the ordinary tobacco-mosaic virus moved downward at appioximately the 
same rate when the plants were kept in the dark as when the}^ 'were kept in 
the light. In tomato roots, the virus moved downward somewhat more 
slowly when the plants were darkened. The effect of darkening on the 
movement of virus in inoculated roots is in sharp contrast to the effect ob- 
served when leaves were inoculated, in which case the virus did not reach the 
roots within the 8-day period of the trials. It seems likel}’^ that the roots on 
darkened plants continued to receive a sufficient flow of food materials from 
the lower part of the stem to transport the virus downward at a normal rate. 
The direction of movement of virus in inoculated roots was, therefore, not 
changed by altering the illumination of the host. 

Another attempt to change the direction of viras movement in inoculated 
roots was made by supplying organic food materials to the roots of dark- 
ened plants. Tomato and tobacco plants were placed in the dark chamber 
for 2 days before inoculating a marked 1-in. section of the roots with tobacco- 
mosaic virus. The roots below the point of inoculation were then sub- 
merged in a solution containing sugar, mineral-salt, and yeast extract, and 
the plants were kept in the dark. Some growth of microorganisms in the 
nutrient solution undoubtedly occurred, but this was kept in check by sup- 
plying fresh solution in sterile crocks twice daily. The roots were washed 
quickly in running water each time the solution was changed. The data 
from a number of trials are presented in table 6. The results show that 


TABLE 6. — Movement of tolacco-mosaio virus in the roots of darkened tobacco and 
tomato plants when sugar solution was supplied to the roots below the point of root 
inoculation 


Host 

Position of root sec- 
tions tested, inches 
above or below 
inoculated 

Number of timesa virus was recovered in three 
trials from root sections taken at positions 
and time intervals (days) shown 
after inoculation 


section 

3 

4 

5 

6 


2-3 I 

above 

0 

1 

3 

3 


1-2 

do 

0 

1 

3 

3 


0-1 

do 

2 

2 

3 

3 

Tobacco 

Inoculated 
0-1 ■ 

. section 
below 

3 

1 

j .3 

2 

3 

2 

3 

3 


1-2 

do 

0 

1 

1 

1 


2-3 

do 

0 

0 

1 

0 


Over 3 

do 

0 

0 

0 

0 


2-3 

above 

0 

0 

3 

3 


1-2 

do 

0 

0 

3 

3 


0-1 

do 

1 

1 

■ 3 

3 

Tomato 

Inoculated section 
0-1 below 

3 

0 

3 

0 

3 

1 

3 

3 


1-2 

do 

0 

0 

0 

0 


2-3 

do 

0 

0 

0 

0 


Over 3 

do 

0 

0 

0 

0 


a One hybrid was used as a test plant for each trial. A trial was recorded as positive 
if more than one lesion developed. 
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under tliese circumstances the movement of the virus was upward in the 
roots and not downward. The effect of supplying a proper nutrient solu- 
tion to the plant roots appears to offer strong evidence that the direction of 
virus movement in the roots is determined by the position of the supply 
of organic food materials. 

Concentration of Viruses in Boot Extracts 

Since the presence of a virus in the roots ordinarily does not result in 
any injury or macroscopic symptoms, it seems possible that the roots are 
not so extensively invaded by the virus as are the leaves. Stanley (35) and 
Price (28) have reported instances in which viruses were less concentrated 
in the roots than in the leaves of infected plants. These reports appear to 
show that the roots are less favorable for the multiplication of the virus than 
are the leaves. 

The studies here reported have shown also that root extracts of tobacco 
and tomato plants infected with ordinary tobacco-mosaic virus contain less 
active virus than leaf extracts of the same plants. Comparisons were made 
of 1 in 1000 water dilutions of, respectively, the fresh leaf extract of mosaic 
plants, the root extract of the same plants, and the extract of roots that had 
been inoculated directly with ordinary tobacco-mosaic virus. The results 
are based on inoculations to hybrid tobacco plants, the different extracts 
paired on opposite halves of the leaves so that each possible pair appeared 
once within a set of three plants on each of 3 leaf positions. Extracts, pre- 
pared at weekly intervals for 5 weeks after the plants were inoculated, were 
compared in this manner (Table 7). 

TABLE 7. — Belative infectivity of leaf and root extracts diluted 1 to 1000 from 
to'bacco and tomato plants infected with ordinary toltacco mosaic virus 


Total number of lesions on 6 half -leaves of 
the hybrid inoculated with extracts of 


Host 

Sources of extract 

plants infected the following 
number of weeks 



1 

2 

3 

4 

5 


Leaves of infected plants 

87 

1236 

419 

511 

343 

Tobacco 

Boots of inf ected plants ... 

42 

353 

167 

152 

a 


Inoculated roots 

51 

334 

111 

220 

230 


Leaves of infected plants 

372 

769 

596 

114 

311 

Tomato 

1 Boots of infected plants ... 

222 

401 

300 

245 

197 


Inoculated roots 

217 

417 

208 

157 

194 


a Boots dead. 


Both types of root extracts yielded consistently fewer lesions than the 
leaf extract. By analysis of variance the difference between the leaf extract 
and the root extracts was found statistically significant, except that, for 
some unknown reason, at the 4- week interval the tomato leaf extract gave 
fewer lesions than did the root extracts. The relative infectivity of the 
different extracts seemed to remain about the same during the 5-week period. 
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Effect of Healtliy Root Extract on the Ordinary Tobacco-Mosaic Virus 
Previous results having shown that the infectivity of the virus extracts 
from roots is lower than that from leaves, an attempt was made to deteimine 
if this situation could be attributed to an inhibitory effect of the root extract 
of the host on the virus. Due to the ease with which the infectivity of ex- 
tracts of the ordinary tobacco-mosaic virus can be estimated, this virus was 
used exclusively in these tests. Fresh tobacco-leaf extracts of the tobacco- 
mosaic virus were diluted 1 to 500 with tap water. Portions of this diluted 
extract were then mixed with equal portions of root extracts from several 
species of healthy plants. As checks, 1-to-l mixtures were made of the 
diluted virus extract and leaf extracts of healthy plants, and with phos- 
phate buffer at pH 5.8 to 6.0. This hydrogen-ion concentration was used 
to approximate the hydrogen-ion concentrations of the plant extracts. The 
pH of the extracts of the different plants varied somewhat, but that of the 
root extract was ahvays very nearly the same as that of the leaf extract of 
the same species. The mixed extracts were allowed to stand 5 minutes be- 
fore being rubbed on leaves of the hybrid. The 3 extracts were paired with 
one another on opposite half -leaves, so that every possible pair occurred, in 
a group of 3 hybrids, once on each of 3 leaf positions. The totals of the 
local lesions resulting from inoculations with the different extracts are 
tabulated in table 8. 

TABLE 8. — The effect of healthy leaf and root extracts of various plants on the 
infectivity of ordinary tohacco-mosaic virus diluted 1 to 500 before treatment 


Total number of lesions on 6 half -leaves of 3 bybrids 
following treatment of virus with equal volume of 


extracts 

Eresh healthy 

1 leaf extract 

Fresh healthy 
root extract 

Phosphate bxiffer 
(control) 

Nicotiana tabaetm 

928 

71 

728 

Lycopersicum esculentum 

661 

174 

598 

Cueumis sativus 

2 

23 

444 

Eelianthus annuus 

106 

640 

806 

JDolichos lablab 

' ' ! 

6 

0 

290 


Healthy tobacco and tomato-root extracts showed a marked inhibitory 
effect on the ordinary tobacco-mosaic virus. With the other species the root 
extracts seemed to have no greater inhibitory properties than the leaf ex- 
tracts. In several cases both leaf and root extracts markedly reduced the 
infectivity of the extract of tobacco-mosaic virus. 

AVhile it cannot be definitely concluded that this inhibitory eft*ect of 
healthy tobacco-root extract is related to the low infectivity of the root ex- 
tract of the infected plants, it seems likely that this may be the case. The 
inhibitory effect of certain plant juices on particular viruses has been 
noticed fairly frequently (15, 25, 31). That such inhibitors might affect 
the behavior of the virus was suggested also by Bennett (7), who thought 
that the inhibitors in the parenchyma of the sugar-beet plant might prevent 
of the curlv-ton virus ill tissues other than the phloem. 
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In attempting to determine the nature of this inhibitory effect of root 
juice, it is of importance to know whether the virus itself is acted upon or 
whether the inhibitory action is upon the inoculated leaves, as suggested by 
Stanley for trypsin (34). The method outlined by Chester (10) for such 
a determination assumes that if the susceptibility of the host is lowered, the 
percentage of reduction in the number of lesions will be approximately the 
same for different dilutions of virus, provided that equal amounts of the 
inhibitor are present in each dilution. If, on the other hand, the effect is 
on the virus, then the percentage reduction will be low when an excess of 
virus is present, and greater as the proportion of virus is decreased. 



NET DILUTION OF VIRUS 

Fig. 5. Percentage of inhibition of tobacco-mosaic virus by healthy tobacco root 
extract at various dilutions of the virus. The control dilutions contained an equal volume 
of phosphate buffer. The treated dilutions contained an equal volume of healthy root 
extract. The control and treatment at each dilution were inoculated to the opposite halves 
of five leaves of the hybrid plant. 

Trials of this sort were run by diluting fresh tobacco-mosaic leaf extract 
with tap water to 1^ times the final concentration desired. To 2 ec. of each 
of these dilutions was added 1 ce. of healthy tobacco-root extract. After 
standing 5 minutes, the mixtures were rubbed on the left half of one leaf of 
each of 5 hybrid plants, so that each mixture appeared once on each of 5 
leaf positions. The controls were prepared by mixing 2 ce. of the virus, 
dilutions with 1 ec. of phosphate buffer at pH 5.6, the hydrogen-ion concen- 
tration of the root extract. The control dilutions were rubbed on the half- 
leaves opposite those rubbed with corresponding dilutions containing root 
extract. The results of one trial are presented graphically in figure 5. 
Other trials gave similar results. The effect of the root extract is, accord- 
ing to Chester’s interpretation, on the virus, since the percentage of reduc- 
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becomes less. The total numbers of lesions obtained at the dilutions from 
1 to 10 up to 1 to 100,000 were, for the control: 2486, 1361, 384, 132, 47, and 
for the dilutions containing root extract: 2193, 1001, 196, 25, 0. 

Thermal-inactivation Point of Viruses in Root Extracts 

Since the infectivity of ordinary tobacco-mosaic virus is markedly 
affected by healthy tobacco and tomato root extracts, eximriments were per- 
formed to determine if a property of the virus, such as thermal inactiva- 
tion point, may also be modified when the virus is present in root extracts. 
Price (29) has shown that dilution slightly lowers the thermal-inactivation 
point of tobacco-mosaic virus, and it, therefore, seemed likely that the lower 
infectivity of the root extract might account for the lower thermal-inactiva- 
tion points observed in preliminary trials. The infectious leaf extract, the 
control, was, therefore, diluted 1 to 3 with healthy leaf extract in order to 
lower the virus concentration to approximately that of the root extract. 
It is recognized that this correction is only a rough approximation, particu- 
larly, since some of the viruses used had not been investigated as to their 
infectivity in root extracts. Judging from Price’s results (29), however, 
only slight differences in thermal-inactivation points are to be expected in 
dilutions up to 1 to 20 with healthy juice. 

The trials were carried out by placing 1 cc. of the freshly extracted root 
and leaf juice in thin- walled, stoppered test tubes and immersing for 10 min- 
utes in a water bath at the desired temperature. The temperature was con- 
trolled to within 0.2° C. In every case, both extracts were heated simulta- 
neously, and, after heating, immediately cooled in running water. Intervals 
of 4° 0. were used in all trials, since consistent differences at ranges of this 
magnitude should definitely be significant. Inoculations were made to 5 
young Havana-seed tobacco plants with all viruses used, except that of ordi- 
nary tobacco mosaic, for which the local lesion-producing hybrid was used 
as a test plant. The data obtained with 4 viruses are summarized in table 9. 


TABLE 9,— -Comparison of ihermalAnactivation temperatures of different viruses in 
leaf arid root extracts of tobacco 


Virus of 

■ "■ ' . ■' ' ' 

Thermal-inactivation point (° C.), average of 3 
trials with temperature intervals of 4^ C. 

Leaf extract 

Root extract 

Ordinary tobacco mosaic 

92 

84 

Ordinary cucumber mosaic 

72 

67 

Tobacco ring-spot 

64 

59 

Severe etch 

60 

57 


It may be noted from these results that each virus in root extract wms in- 
activated at a temperature 4° C. to 8° 0- lower than the virus in the corre- 
sponding, diluted leaf extract. 

The differences in thermal-inactivation points determined for these 
viruses in leaf and root extracts seem too large to be due to differences in 
original concentration of the virus. Some substance or condition peculiar 
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Additional trials were conducted with tobacco-ring-spot virus extracts 
from four species of plants other than tobacco {Helianthtis annuus. Zinnia 
eleganSj Calendula officinalis^ Cucumis sativus). Again the thermal-inacti- 
vation point of the virus in root extracts was 4° C. to 8° C. lower than in 
leaf extracts in all the hosts used. Apparently this behavior is not char- 
acteristic of the roots of any particular plant species, but is more likely quite 
general in occurrence. 

DISCUSSION 

The results of this investigation have demonstrated certain differences 
in virus behavior in roots as compared to behavior in leaves and stems of 
plants. The most striking difference is the restricted upward movement of 
virus in directly inoculated roots. Consequently, root inoculation under 
favorable experimental conditions did not result in leaf symptoms within 
periods up to 28 days, where leaf inoculations yielded symptoms in 10 days 
or less. Previous reports (21, 24, 27) of failures to obtain leaf symptoms 
when the roots were inoculated directly with the virus may be explained 
largely by the failure of the virus to move upward into the stem of the 
plant, even though good root infection may have occurred in such trials. 

Although roots may be directly infected by viruses, it is questionable 
whether this mode of infection is of any importance in the occurrence of 
virus diseases in crop culture. The evidence indicates that leaf symptoms 
resulting from root infection could occur only relatively late in the life of 
annual plants, and consequently would be of minor importance. It has 
been pointed out by others (21) furthermore that from a practical stand- 
point more abundant opportunities for infection with tobacco-mosaic virus 
from the soil may occur through leaves and stems than through the roots. 

The evidence obtained on the movement of different viruses seems to bear 
directly on the problem of translocation of organic materials in plants. 
Bennett (8) has shown that the sugar-beet curly-top virus, in particular, 
moves through infected plants as if in a mass flow of food materials in the 
phloem. That a similar mechanism is involved in tomato and tobacco roots 
is shown rather definitely by the response of the ordinary tobacco-mosaic 
virus to the presence of a sugar solution below the point of inoculation of 
the roots. The movement of the virus, although reversed by the treatment, 
was still unidirectional. This type of movement is a necessary corollary of 
the mass-flow theory. On the other hand, the movement of tobaeco-mosaie 
virus in inoculated stems of tomato plants is more difficult to correlate 
with the movement of food materials, since the virus moved relatively 
rapidly, both upward and downward, within a short space of time. It does 
not seem logical that in the stem the mechanism governing the movement of 
virus should be radically different from that operating in the roots. Kunkel 
(23) has suggested that in tomato stems movement of tobacco-mosaic virus 
in different phloem strands may account for the apparent simultaneous 
movement in opposite directions. Anatomical support for this suggestion 
is found in the presence of internal and external phloem in tomato and 
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ternal phloem is present. Thus, in the stem, there exist two more or less 
separate channels for the transport of organic material, while, in the roots, 
there is only one. There is yet no evidence supporting the assumption that 
opposite-directional mass flows occur in the internal and external phloem of 
tobacco and tomato, but this possibility should be taken into consideration 
ill future studies. 

Samuel (32) concluded that the ordinary tobacco-mosaic virus, when 
inoculated to mature leaves of fairly large tomato plants, moved first to 
the roots and then to the growing tips of the stems. He suggested that the 
food materials in the plants might also first move to the roots and then to 
the growing point of the stem. Kunkel (23) has shown that ordinary 
tobacco-mosaic virus does not always move downward in tomato stems be- 
fore moving upward. Since it has been found in the investigation here re- 
ported that viruses do not readily move upward in the roots under ordinary 
conditions, it appears that they could not reach the growing stem tip by 
moving rapidly upward from the roots. There also seems, therefore, little 
reason to believe that food materials in rapidly growing annual plants regu- 
larly move to the growing tip of the stem by way of the roots. 

White’s (37) report that inoculation of excised tomato roots m vitro with 
the tobacco-mosaic virus failed to produce infection is of interest in con- 
nection with our results on virus movement in roots. One possible explana- 
tion is that infection occurred, but that the virus remained localized. A 
mass movement of food materials may not be expected to occur in roots 
entirely submerged in a nutrient solution. In the absence of such a move- 
ment, which appears to govern virus transportation, it seems likely that the 
virus might remain localized in the inoculated excised roots. 

The conclusion that viruses in root extracts are more readily inactivated 
by heat than when in leaf extracts is subject to several interpretations. 
That the virus itself is permanently changed in the root tissues seems un- 
likely. Bawden (5) has pointed out that the observed thermal-inactivation 
points of viruses may he influenced by absorption of the virus on precipi- 
tates of normal plant proteins formed at certain temperatures. It seems 
more likely that an absorption of this nature is responsible for the lower 
thermal-inactivation points observed in root extracts. The results, never- 
theless, show that this property of a virus may he modified by the character 
of the extract carrying the virus, and it is possible that other properties also 
are modified. For this reason it may be unwise to differentiate viruses on 
the basis of small differences in their thermal inactivation unless they are 
grown and tested in the same host extract or medium. 

Many new problems for future investigation have arisen during the 
course of the present investigation on viruses in. root tissues. It seems 
logical to suppose, for example, that heavy virus infections not extending 
beyond the roots may materially impair the metabolism of the entire plant. 
With the various techniques now available for measuring physiological 
processes, it should be possible to determine definitely the effect of root 
infection on the physiological processes in the host plant. It is likely that 
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not only physical symptoms such as dwarfing may result from root infec- 
tion, but that more basic processes such as absorption of w^ater and mineral 
nutrients may be directly influenced. 

SUMMARY 

The behavior of various viruses in the roots of several host plants has 
been compared with that of the same viruses in the aerial parts of the plants. 
Frequency of occurrence of viruses in the roots of systemically invaded 
plants, susceptibility of roots to direct infection, rate and direction of virus 
movement in the roots, and influence of root extracts on virus inf ectivity 
have chiefly been investigated. 

All viruses that invaded systemically the aerial portions of the host 
plants also were found to invade the roots of the same plants. Boot inva- 
sion, as a rule, occurred within 5 to 15 days after leaves had been inoculated. 

Direct inoculation of roots of tobacco and tomato plants with several 
different viruses resulted in good root infection, but in no infection of the 
aerial parts of the same plants. This result is explained on the basis of the 
direction of virus movement in inoculated roots. 

The movement of viruses upward in inoculated roots proved very slow^ 
and restricted, w^hereas virus movement downward in the roots occurred at a 
relatively rapid rate, corresponding to the rate of downward movement in 
the vascular tissues of leaves and stems. In contrast to the unidirectional 
movement observed in inoculated roots, ordinary tobacco-mosaic virus moved 
rapidly in both directions away from an inoculated area at the base of 
tomato stems. 

Boot extracts of tobacco and tomato plants infected with the ordinary 
tobacco-mosaic virus were found to be less infectious than leaf extracts of 
the same plants. It was found that root extracts of healthy tobacco and 
tomato plants had a marked inhibitory effect on the virus of ordinary 
tobacco mosaic; it appears likely, therefore, that the reduced inf ectivity of 
the virus in the roots is not necessarily a consequence of low concentration. 

The thermal inactivation points of several viruses formed in the roots of 
infected plants was 4 to 8° C. lower than the viruses in the leaf extracts 
from the same plants. It is not improbable, therefore, that other properties 
of certain viruses may be modified in the roots or root extracts. 

Wisconsin Agricultural Experiment Station, 

University op Wisconsin, 

Madison, Wisconsin. 
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PUSARIUM WILT OP THE MIMOSA TREE (ALBIZZIA 
JULIBRISSIN)^ 

E . E I c H A R D T 0 0 L E 2 
(Accepted for publication November 22, 1940) 

INTRODUCTION 

The fusariiiBi wilt of the mimosa or silk tree (Alhizzia julihrissin Dnrazz.) , 
caused by FiiMsium perniciosum Hepting,^ is a highly destructive vascular 
wilt that, because of its epidemic nature, must be considered a distinct threat 
to the cultivation of this valued ornamental in the Southeastern States. 
This disease was first reported in the United States from the Carolinas by 
Hepting in 1936 (8). It apparently had been present in Try on, North 
Carolina, since about 1930, and, by 1936, was found in 3 other localities. In 
1939 Hepting (9) reported additional studies of it. He described the associ- 
ated fungus as a new species, and demonstrated its pathogenicity by the 
inoculation of young seedlings. Each year since the first report mimosa wilt 
has been found over an increasingly wider range, and at the close of the 1940 
scouting season had been found in scattered localities from Eichmond, Vir- 
ginia, to Hamilton, Georgia. This increase in range is due in part to more 
complete information and in part to spread of the disease. 

The symptoms of mimosa wilt have been described and illustrated ade- 
quately by Hepting (9) ; but, for the sake of clarity, the writer will here 
review briefly the salient points. Wilt-diseased mimosa trees are character- 
ized by wilting and yellowing of the foliage and, finally, death of the tree. 
Upon cutting stems of affected plants a brownish discoloration is found in 
the spring-wood vessels of the outer annual ring. Fungus hyphae are 
found in these discolored areas, and in several instances conidia have been 
found within diseased vessels. Conidial cushions of Fimrmm are frequently 
formed on the bark of trees that have reached advanced stages of wilt. Of 
these, probably the most commonly observed was the non- wilt fungus, 
Fusarkm lateritium^ or some of its forms. At the same time that sapro- 
phytic fusaria begin to fruit on the bark of wilt-killed mimosa, the wood 
often is invaded by ambrosia beetles, which form tunnels both in diseased 
and healthy wood. Species of insects found include Xylehoms affinis Eichh., 

1 A dissertation submitted to the Graduate School of Duke University in partial ful- 
fillment of the requirements for the degree of Doctor of Philosophy. 

2 The writer wishes to express his appreciation to Dr. E. A. W'olf of Duke University, 
and to Dr. G. H. Hepting of the Division of Eorest Pathology for suggestions and help. 

s EbU* agreement was found with the description of Fusarium perniciosum given by 
Hepting (9). Much greater variation in culture, however, has been found than was re- 
ported previously. Many of the strains vary so much from Hepting ’s type strain that they 
would easily be named different varieties or even, species in some eases, were their origin 
not known. But since it has been shown that these forms may be derived with great 
facility from one another by saltation, it is not considered necessary to distinguish them 
as varieties. Almost all forms have in common some degree of pathogenicity to ATbissia, 
as well as exceptionally short 3-septate conidia. If the system of classification proposed 
by Snyder and Hansen (13) were used, this fungus would be called Fusarium oxysporiim 
form perniciosum (Hepting), n. comb. 
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Pterocyclon mali Pitch., and Pterocyclon fasciatum Say;** Pteroctjclon 
fasciaium was the most abundant. 

It seemed desirable, because of the seriousness of the mimosa wdlt, to gain 
further information on variation in morphology and pathogenicity of the 
causal fungus, its host range, life history and means of dissemination, the 
influence of environmental factors upon the disease, and the origin of the 
disease. Knowledge of these facts is basic to the development of control 
measures for this and similar diseases. 


CULTURE STUDIES OF CAUSAL ORGANISM 

Numerous isolations of Fusarkim perniciosum and i-elated fungi were 
made from wilt-diseased mimosas. A selection from these cultures was made 
for additional study. The origin of these isolates is given in table 1. This 
includes number, species and cultural class, date of isolation, and source. 
The numbers are those assigned to the original cultures at the time of isola- 
tion and will be used in future reference to these cultures. The isolates of 
F. perniciosum are divided into 3 classes on the basis of cultural characters. 
These will be explained in detail under cultural studies. 


TABLE 1. — List of f usaria isolated from mimosa trees affected with tvilt and used in 
infection experiments and cultural studies 


Species and 
cultural class 

Assigned 

culture 

number 

Bate of 
isolation 

Source of culture 

F. decemcellulare 

293 

9/22/38 

Bark tissue, Wadesboro, K. C. 

F, lateritium 

282 

9/22/38 

, Tryon, KC. 

F. solani martii 

109 

9/17/38 

Vascular tissue, Osceola, S. C. 

F. sp. 

163 

9/17/38 

, Tryon, N. C. 

F. perniciosum, 

152 

9/17/38 

“ “ , Spartanburg, S. 0. 

appressed 

42sl 

12/13/38 

Sector from number 42, Wisacky, S. C. 

classa 

42s2 ■ 

12/13/38 

! ic t c it a i c ' a 

F, perniciosum, 

126sl 

12/13/38 

126,Van WYek,S.C. 

raised mycelial 

lOlasl 

12/13/38 

' ' '' '' 101, Pineville, N. G. 

class 

126s2 

12/13/38 

126,Van Wyck, S. 0. 


47 

9/16/38 

Vascular tissue, Wisacky, S. G. 


158 

9/17/38 

, Try on, ‘ kg. 

F. perniciosum, 
raised sclerotial 

37 

9/16/38 

^ ^ , Johnston, S. C. 

1 

8/15/38 

'' , Gharlotte, N. C. 

class 

95 

9/17/38 

, Polkton, N. C. 


101 

9/17/38 

, Pineville, N. G. 


a The explanation of the arrangement of the isolates of Fusarium perniciosum into 
3 classes is given nnder the discussion of culture studies. 


Variation 

In the present study it was noticed from the flrst that there was con- 
siderable variation among the numerous isolates of the mimosa wilt fungus. 
Following a modification of systems of classification used by other investi- 
gators (3, 18) the isolates were separated into the followdng 3 groups or 
classes based on differences in growth characters on 3-per cent malt agar : 

* Determinations by M. W. Blackman, Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture, Washington, D. C. 
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class 1, appressed, mat mostly slimy witKout aerial mycelmm, occasional 
cottony tufts of aerial mycelium, vinaceous-purple^ to white; class 2, raised 
mycelial, mat raised, felty to cottony, various shades of purple; class 3, 
raised sclerotial, mat raised, woolly, with sclerotia-like clumps of mycelium 
and occasionally sporodochia. It is recognized that there are no sharp boun- 
daries between these cultural classes, since certain intermediate forms always 
are found, and for this reason it is probably not worthwhile to attempt to 
make many subdivisions of cultural classes. Grouping into at least the above 
classes, however, is useful as an aid in the interpretation of the observed 
variations. 

In the course of this investigation the various strains of Fusarnim per- 
niciosum were grown on 7 different agar media, 3 different liquid media, and 
2 different solid inedia/^ Type of growth was not only different on the vari- 
ous media but varied on the same medium. It was apparent from these 
studies that the cultural characters of F. perniciosiim can be completely 
changed by changing the medium upon which it is grown. Changes in color 
were particularly noticeable, and it was found that color changes could be 
brought about by changing the C/N ratio of the media. This work is in 
agreement with that of Brown and Horne (5) with other fusaria. 

Saltation 

While comparing the growth of some of the strains of Fusarium pernici- 
osum isolated in Petri-dish cultures, sharply defined sectors were observed. 
Sectoring occurred in monoconidial cultures, as well as in cultures from mass 
isolates, and it was observed in all cultural classes. Isolates from these 
sectors usually remained constant, but occasionally there was additional 
sectoring. The number of cells comprising a spore has no apparent effect 
on sectoring, since it was as common in monoconidial cultures from 0-septate 
as from 3-septate conidia. In some cases microscopic, as well as macroscopic, 
cultural characters of the sectors varied from those of the parent culture. 
Cultures with abnormally long spores sometimes appeared as sectors arising 
from cultures having normal-size spores. 

Sectoring in culture is known to occur in many genera of fungi, and has 
been referred to as variation, chimera formation, saltation, mutation, and 
dissociation by various investigators. Goddard (6) gives an extensive review 
of this subject. Since the genetic nature of sectoring is unknown, it seems 
best to use the rather noncommittal word saltation, which was first proposed 
by Stevens (14). Saltation occurred more often in the mycelial cultural 
class than in the appressed class. All possible sectoring combinations were 
found of the 3 cultural groups recognized. It is probable, as Brown (3) 
points out, that by continued cultivation and separation of saltants a more 
or less continuous series of forms could be obtained. 

s Color designations follow Ridgway (11) for tlie naost part. 

6 Potato-dextrose agar, malt agar, eorn-meal agar, prune agar, Brown’s standard 
synthetic agar, Brown’s color synthetic agar, Bichard’s synthetic agar, Tochinai’s solu- 
tion, Pedstov’s solution, Richard’s solution, mimosa twigs, and rice grains. 
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Spore Characteristics 

Altliough size of eoiiidia will vary with change in a iiumber of enviroii- 
meiital factors, as was pointed out by Harter (7), measureiiients of about 
3,000 conidia representing 54 separate isolates of Fusarimm perniciosimi 
from widely scattered localities gave figures in close agreement with those of 
Hepting (9), except in the case of those cultures that produced abnormally 
long spores by saltation. 

Under proper moisture conditions the conidia of Ftimrinm pernicimum 
germinate throughout a wide range of temperatures. Spores placed on agar 
in Petri dishes at room temperature (24° C.) germinated readily after a 
period of about 5 hours, A number of conidia were germinated on agar 
plates and kept under observation for 18 hours. Five hours after planting, 
a short germ tube had appeared at each end of the spore. After 8 hours 
these had barely exceeded the length of the spore. Branching did not begin 
until 13 hours, when the germ tubes were 15 or more times the length of the 
spore. Secondary branching did not occur until 17 hours after planting. 
Anastomoses between the hyphae took place and a thick mat of mycelium 
was quickly formed. 

In 1939 Hepting (9) reported considerable difficulty in obtaining con- 
sistent results in inoculation experiments. Inserting the fungus into wmunds 
on stems gave negative results, and only occasionally were inoculations suc- 
cessful when roots were treated in a similar manner. He was successful with 
very young seedlings planted in inoculated soil, and his conclusions were 
that although these results indicate the suspected fungus to be pathogenic, 
the killing of such young seedlings may be a quite different process from the 
killing of grown trees.’’ The present experiments w^ere undertaken to 
establish further proof of pathogenicity, to investigate relative virulence of 
various cultural strains of the causal fungus, and to determine the host 
range. 

VARIATION IN VIRULENCE 

Methods 

Variation in virulence of a number of strains of Fusarium perniciosum 
was tested by planting inoculated trees in soil. For comparison some inocu- 
lated seedlings were set in tap water. 

The inoculation experiments in soil were carried out in the greenhouse 
at the Bent Creek Experimental Forest of the Appalachian Forest Experi- 
ment Station near Asheville, North Carolina. Metal flats made of 26-gauge, 
galvanized iron with solder-sealed joints, each measuring 12 x 16 x 8 inches, 
were used as containers. The inner surfaces of these flats were coated with 
asphalt roofing tar in order to prevent any reaction of the zinc with the 
fungi. The soil used in these experiments consisted of a mixture of 1 part 
loam to 3 parts coarse sand that had been sterilized in an autoclave under 
a pressure of 15 lb. for 1 hour. The following 10 isolates of Fusarium per- 
niciosum were used: numbers 158, 126sl, 126s2, 47, 101, lOlasl, 152, 42sl, 
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Fig. 1. Eesults of inoculating various tree species 60 days after inoculation. A. 
Flats 35 and 36, each contain 12 Alhizzia julihrissin trees inoculated with Fmarium 
deeemeellulare; fiSits 34 and 46 contain similar trees inoculated with F. pernidosum, B. 
Flats 11 and 14 each contain 12 noninocnlated A. julihrissin trees, and flats, 19 and 20 
contain similar trees inoculated with F. perniciosum. C. Flat 67 contains 9 A. julihrissin 
trees in the front and 4 A. lehhelc trees in the back inoculated with F. perniciosum ; flat 54 
contains similar trees, not inoculated. Flat 65 contains 9 Cercis canadensis trees in the 
front, and 4 A., lophantha trees in the back, inoculated with F. perniciosum ; flat 52 con- 
tains similar trees, not inoculated. Flat 68 contains 9 Fohinia pseudoacacia trees in the 
front and 9 Gleditsia triacanthos trees in the back inoculated with F. perniciosum ; flat 
53 contains similar trees, not inoculated. D. C. canadensis, A. lehhelc, G. triacanthos, 
A. julihrissin, and E. pseudoacacia trees inoculated with F. perniciosum, A. julihrissin 
trees dead and others healthy. 
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42s2, and 1. Other fungi tested included number 109, F, solani martii, num- 
ber 163, F. sp., number 293, F, decemcelhilare, and number 282, F. later- 
itium. The sources of these cultures have been indicated in table 1. 

The roots of the plants to be inoculated were dipped into a water suspen- 
sion of the Fiisarium made from cultures grown in a Tochinai liquid niediiim. 
This method of inoculation, developed by Wellman (17), was found most 
satisfactory and was used throughout the research here reported. The 
fungus suspension was prepared as follows : the excess liquid w^as poured off, 
since it was found in preliminary trials to be very toxic; water was then 
added to the mat which was then beaten with an eggbeater until a dense 
suspension of spores and hyphae was formed. For comparison with this 
method other inoculations ware made by the addition to the soil of the 
Fusar.ium grown on rice grains. 

Seedlings of AlUzzia julilrissin of two age classes were used. The first 
were 3-year-old seedlings grown from seed collected at Tryon, N. C., and the 
second were 1-year-old seedlings growm from seed collected at Belmont, N. C. 
Six inoculated seedlings of each age class were planted in duplicated fiats for 
each strain of the fungus employed. A portion of this experiment is illus- 
trated in figure 1, A and B. The plants were w-atered sufficiently to keep the 
soil moisture within a range optimum for growTh, since excessively dry or 
w^et soils inhibit the expression of diseases of this type (17). It wms not 
possible to control temperature, but records were kept of both air and soil 
temperatures throughout the course of these experiments. The first appear- 
ance of disease symptoms and their daily progress "with each seedling were 
recorded. 

To determine whether comparable results could be obtained by using 
water instead of soil, a water-culture experiment was carried out. In this 
experiment 1-year-old seedlings of mimosa, from the same source as those 
used in the inoculation experiment in soil mentioned above, ware similarly 
inoculated and placed in test tubes filled with tap water. 

Eesults and Discussion 

To portray the progress of the wilt in these inoculation experiments a 
detailed account of a single seedling will be given. This seedling be- 
longed to the 3-year-old age class, which was inoculated with Fusarium 
perniciostm, isolate 126s2. At time of inoculation this plant, like all 
others, had not leafed out. About a week after inoculation, however, the 
leaves began to expand. Thirty-eight days after inoculation the first 
external symptom of disease was noted ; 4 pinnae showed drooping and some 
waiting ; 4 days later these had become dried and shrivelled, 3 more pinnae 
had begun to wilt, and the tree was completely waited by the following day. 
Thus, 6 days after the first symptom appeared, the tree had completely 
whited. This was followed in a few more days by defoliation and, finally, 
death. Upon dissection this tree showed vascular discoloration in the tap 
root and lateral roots whence the original fungus strain w^'as reisolated. 
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Other trees that beeame diseased had similar historieSj but differed somewhat 
in rate of wilting. 

On some of the seedlings another type of wilting was observed. Here, 
the abscission layer was apparently formed early with consequent shedding 
of the leaves in a partially wilted condition. In a few caseSy sniall orange 
sporodoehia of the causal fungus were found at the ground line of few 
small inoculated seedlings. In figure 1, A, the healthy appearance of the 
trees inoculated with Fusafitiwi dcccfticclluldTB^ a fungus isolated fioni the 
bark of dying mimosa, can be contrasted with the wulted and dead trees 
inoculated with a virulent strain of F. permciosum. In figure 1, B, the trees 
in flats 20 and 19 were inoculated with F. perfiiciostim and those in flats 11 
and 14 were controls. 

The data from these inoculation experiments are summarized in table 2. 
Since those plants inoculated with Fusarium solani martii, F. sp., later- 
itium^ F. decemcellulare, miA appressed strains of F. permciosum, as well as 
the noninoculated control plants, all remained healthy, they are omitted 
from the body of the table. F. solani martii and F. sp. were isolated from 
vascular tissue of trees in advanced stages of wilt and probably should be 
considered as secondary invaders. 

Among the different isolates of Fusarium perniciosum it soon became 
apparent that pathogenicity was greatest among the isolates with raised 
mycelial cultural characters and least among those showing appressed 
growth. This is in agreement with the results of AVellman and Blaisdell 
(18), who worked with the tomato-wilt Fusarium, as well as those of other 
investigators. They found that pathogenicity decreased from the raised 
mycelial cultural class to the appressed class. 

Twenty-five per cent of the 24 1-year-old seedlings and 84 per cent of the 
24 3-year-old seedlings inoculated with 2 raised sclerotial strains were killed 
within 60 days of inoculation ; the corresponding figures for the 60 seedlings 
inoculated with the 5 raised mycelial strains were 27 and 96 per cent, respec- 
tively ; none of the seedlings inoculated with the 3 appressed strains showed 
any evidence of disease. The difference in pathogenicity between the 1- and 
3-year-old seedlings is probably due in part to the different seed sources, 
since experiments in progress indicate even greater differences in patho- 
genicity with variation in seed source, and in part to the fact that the 1-year- 
old seedlings had been grown the previous winter in the greenhouse and 
were in full leaf at the time of inoculation. 

In order to determine whether or not there was a significant difference 
between the rate of wilting as caused by the raised sclerotial and raised 
mycelial cultural classes, the data on the number of 3-year-old seedlings 
wilted were subjected to the analysis of variance. The results of the analysis 
showed that there were mathematically significant differences between the 
rate of wilting of these two cultural classes. The curves in figure 2, A, show 
these differences graphically. The rate of wilting was more rapid with 
strains belonging to the raised mycelial cultural class than with the raised 
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raised myceuau cultural class 

RAISED SCLEROTIAL CULTURAL CLASS 


DAYS AFTER INOCULATION 


liquid CULTURE INOCULUl 
RICE GRAIN INOCULUM 


DAYS AFTER INOCULATION 

Fig. 2. A. Comparative rate of wilting of S-year-old trees of AVbizsia juUhrissin 
inoculated with raised-mycelium or raised-selerotium isolates of Fusarium perniciosum ; 
raised mycelium-culture class based on 60 trees, and raised sclerotium-culture class based on 
24 trees. Curves of the appressed-culture class are not included, since all trees remained 
healthy. B. Comparative rate of wilting of 3-year-old trees of Albizzia juUhrissin inocu- 
lated with isolate number 47 of Fusarium perniciosum as liquid culture inoculum and rice- 
grain inoculum. Each curve based on 12 trees. 

selerotial class. These cultural classes may be arranged in order of Tirulenee 
as follows : 

1. Eaised mycelial cultural class ; highly virulent. 

2. Raised selerotial cultural class ; moderately virulent. 

3. Appressed cultural class ; nonvirulent. 

There was a marked difference in the incubation period between the two 
methods of inoculation with the two strains on which this was compared. 
Using the fungus growing on rice grains as the inoculum, complete wilting 
was 30 to 40 days later than that resulting from the fungus grown in liquid 
culture. This is illustrated graphically in figure 2, B, for isolate number 47. 

Table 3 shows the results of the water-culture inoculation. It will be 
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noted here that the two other species of vascular fungi, Fmanum 

su. and No. 109, F. solani martii, caused 33 per cent and oO per cent wdt, 
respectively, under these conditions, while in soil they did not produce wilt. 
Neither the trees inoculated with the bark fusaria, P. hi to. nun and P. 
decemcelMare, nor the control trees showed any evidence ot uilt. Ihe cul- 
tures in the appressed cultural class showed 60 per cent ot the trees wilted in 
water culture as against none wilted in soil. The raised sclerotial class 
caused 78 per cent of the seedlings to be wilted, while the raised mycelial 
type caused 82 per cent. During this same 60-day period the _l-year-old 
seedlings in the inoculation experiment in soil (table 2) caused 2o per cent 
and 27 per cent wilted trees, respectively, for these cultural classes. 

It is noticeable that certain forms that caused no wilt in inoculations in 
soil produced some wilt in water. Thus the water method, although some- 
what more readily usable, seems not to be comparable with the soil method. 
Its use with the mimosa wilt, therefore, is not recommended. 

TABLE Z.—Suseeftmity of 1-year-old inimom seedlmps to cult uraUy different 
isolates of Fusarium perniciosum and other fusaria 'isolated from mimosa using the 'uatti- 
culture method of inoculation^ 


Fungus species 
and 

cultural class 

Isolate 

number 

Trees used 

Trees wilted 60 days 
after inoculation 

None 

Control 

Nximher 

3 

Per cent 

0 

33 

50 

0 

0 

Fusarium sp. 

163 

3 

F, solani martii 

109 

4 

F. lateritixm 

282 

5 

F. decemcellulare 

293 

4 

F. perniciostmf 

appressed cultural 
class 

152 1 

5 

80 

100 

0 

i 42s2 

42sl 

4 

4 

Total 


13 

60 

F. perniciosum^ 
raised sclerotial 

1 

5 

80 

75 

101 

4 

cultural class 

Total 


9 

78 

F. perniciosum^ 
raised mycelial 

lOlasl 

3 

66 

100 

126sl 

5 

cultural class 

158 

5 

80 


126s2 

4 

75 

Total 


17 

82 


L Trees inoculated April 25, 1939. 

SUSCEPTIBILITY OF DIFFERENT HOST SPECIES 

Methods 

The susceptibility of different leguminous host species to the mimosa 
wilt Fusarium was tested by a number of experiments. In experiment 1 
the relative susceptibility of 1- and 3-year-old seedlings of Alhizzia juli- 
Irissin, Alhizzia WbleJc Benth., Bohinia pseudoacacia L., Oleditsia tri- 
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acantkos h., and Cercis canadensis L. was tested. Trees of tkese species 
were iiiociilated and set in metal flats of soil, according to the procedure 
previously described.^ In this instance strains of Fusarium perniciosim 
numbers 47 and 101 were used. With each of these strains 18 seedlings of 
A, julibrissm, R. pseudoacacia, G. triacanthos, and 0. canadensis, and 8 
seedlings of A. lehhek were inoculated, but several did not survive trans- 
planting and were omitted from number inoculated in table 4. The seed- 
lings inoculated with each strain were divided into 2 equal lots, and each 
lot planted in one-half of one of the metal flats so that each flat contained 2 
different tree species. A similar set of noninoculated trees was set up as a 
control. All of the seedlings used in this experiment, except those of A. 
jidihrissin were obtained from nurseries. 

In experiment 2 this work was repeated exactly as above, except that 
2-month-old seedlings were used, the seedlings were grown locally in ster- 
ilized soil, and Albizzia lophantha Benth. was added. Additional inocula- 
tions comparing the Avilting of AlMzda lophantha and A. julihrissin were 
made in experiment 3. In experiment 4, seedlings of A. thorelii Pierre, 
obtained from the United States Department of Agriculture Plant Intro- 
duction Garden, Glenn Dale, Maryland, and Mimosa pudica L. were 
inoculated. 

In experiment 5, seedlings of Albizzia jidibrissin and A. lebbek were 
grown from seed in test tubes on sterile malt-agar slants. The seeds were 
sterilized in concentrated sulphuric acid before planting. When the seed- 
ling's were 10 days old, strains 47 and 101 of Fusarium perniciosum, as 
well as strain 109 of F, solani martii were placed on the agar of differ- 
ent sets of tubes. Five tubes, each with a seedling, were used for each 
fungus strain or species and for the set of controls. Small bits of mycelium 
from stock cultures of the different fungus strains were transferred to the 
surface of the agar near the seedling, so that at no time were the root sys- 
tems of these seedlings injured in any way. This experiment was designed 
to see if F. perniciosum can invade healthy uninjured roots. 


Results and Discussion 

The results of these experiments are summarized in table 4. In figure 
1, C, the results with the 2-month-old seedlings can be seen, while figure 1, D, 
shows a view of some of the trees of the 1- and 3-year-old age classes. 

Of the Legiiminoseae thus far tested, only members of the genus Albizzia 
have proved susceptible to Ftisarium perniciosum. Bobinia, Gleditsia, 
Cercis, and Mimosa seem resistant. This is similar to the results of Bohn 
and Tucker (2) whose experiments with the Fusarium wdlt of tomato indi- 
cate that the parasitism of Fusarium lycopersici is limited to the genus 
Lycopersicon. Albizzia lophantha and A. have proved susceptible 

to this disease in addition to A. jidihrissin. A. thorelii to date has appeared 
to be resistant, but further tests of this species are needed before definite 

7 See pages 601, 602. 
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conclusions can be drawn. Tests in progress with A. Jcalkora indicate that 
this species is also somewhat susceptible to F. perniciosum. A. lophantha 
is more susceptible than A. julibrissin to strain No. 47 and apparently is 
resistant to strain No. 101, while A. lelhek is slightly susceptible to strain 
No. 47 and seems completely resistant to strain No. 101. 

Experiment 5, in which seeds were sown on agar in test tubes, was set up 
with the hope of determining if wilting could be produced when the root 
systems had not been wounded or injured in any way. Wilting was pro- 
duced readily following inoculation, and results comparable with the soil 
inoculation experiments were obtained, except that wilting was also caused 
by Ftisarmm solani martu, a fungus that did not produce wilt in the soil 
inoculation experiments. The conditions in these test-tube cultures were 
probably more favorable for the invasion of host tissue than in nature. Val- 
leau and Johnson (15) tested seedlings of a number of crop plants with a 
large number of Fusarium species using this method and found that seed- 
lings were killed by Fusarium species that, in nature, never cause injury on 
mature plants. 


LIFE HISTORY 


Source and Dissemination of Inoculum 

By means of artificial-inoculation experiments it has been found that 
either bits of mycelium or conidia of Fusarium perniciosum may serve as 
inoculum. As the result of microscopic studies it was concluded that, in 
nature, spore production seems rather meager, so that conidia appear to be 
of minor importance in the spread of this disease. 

Among the factors that might be concerned with the dissemination of 
this fungus, probably the most outstanding are those traceable to man. 
Locally, the fungus might spread from tree to tree by growth from root to 
root and by growth through organic matter rather than appreciably through 
mineral soil. A number of attempts were made to isolate the pathogen 
from mineral soil taken from the vicinity of diseased mimosa trees in Tryon, 
N. C. ; in no case was F. perniciostm recovered. In some instances water 
may spread the fungus. Aside from its dissemination through movement 
of infested soil during rains (9), it may be carried longer distances in 
streams and rivers. The principal means of dissemination of F. perniciosum 
to widely separated localities is undoubtedly through the transportation of 
infested soil or infected plant parts. Hepting (9) points out that the trans- 
planting not only of mimosa trees but also of any plants that have been 
growing in infested soil may spread the disease. 

The possibility of insects being important carriers of the fungus cTeserves 
consideration, since it has been possible to isolate the causal agent of the 
mimosa wilt from both adults and larvae of ambrosia beetles and from their 
tunnels and frass. Although certain species of these beetles have been 
shown to carry the wait fungus, they commonly attack only weakened or 
dying trees and are very rarely known to attack healthy ones. Moreover. 
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the f.»t th.t attempts to produee the disease through runk moculatmus 
have proved unsuccessful (9) makes it seem doubtful that the beet es vould 
have induced the disease if they had carried the pathogen to a heaithy tree. 
Therefore, they ate not regarded as of apprseiable unportanee m the dis- 
semination of the mimosa wilt. 


Infection Court 

The mimosa-wilt Fusarium apparently entei’s roots either through 
wounds or directly through root hairs or the epidermis of the small roots. 
Twelve hours after a spore suspension had been placed on the roots of small 
mimosa seedlings grown between blotting papers, germ tubes were observed 
penetrating the root hairs. Twenty-four hours later the fungus had entered 
several epidermal cells. In some cases typical damping-ofE symptoms were 
observed on very young seedlings, and the strain of F. permciosum used in 
the inoculation was reisolated from the disintegrated basal stem tissue. ^ In 
addition, the meristematie tissue might serve as an infection court, since 
Smith and Walker (12) in their eytological study of cabbage plants and 
Fusarium yellows found that hyphae only occasionally entered through 
root hairs or epidermal cells. The important infection courts in their case 
were the embryonic region and region of elongation. 



Disease Development 

The development of the mimosa wilt in Alhizzia julilrissin follows 
closely the description given by Brown (4) for wilts in general. The para- 
site enters the root system and traverses the cortex to the vascular system 
where it reaches a striking development. The proper functioning of the 
vascular system is interfered with by plugging effects and probable toxic 
substances excreted by the fungus. As a result the foliage wilts and the 
whole plant dies. After Fusarium perniciosum enters the root hairs and 
smaller roots there is an incubation stage of about 30 days in the ease of 
young seedlings, and probably longer with older more mature trees, before 
the first external symptom is visible. The fungus enters the tap roots from 
* the smaller lateral roots. In a number of cases the vascular discoloration 
has been traced from small lateral roots into the tap root whence it extends 
both upward and downward in the vascular system. It is probable that 
infection most commonly occurs in the late spring and early summer, since, 
in early stages of wilt, hyphae and brown vascular discoloration are found 
only in the spring-wood vessels of the outer annual ring. Thus the disease 
may be more in evidence in the summer and early fall. The fungus eventu- 
ally kills the tree, and the roots decay, after which the fungus may be 
liberated into the soil. 

TEMPERATURE RELATIONS 

The incidence of fusarium wilts is affected by a number of soil factors, 
including temperature, moisture, texture, organic matter, reaction, and 
chemical composition. Of these, soil temperature in particular has been 
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shown to have a pronounced influence on the incidence of fusarium wilts 

( 10 ). 

Methods 

For the determination of the relation of temperature to fungus growth, 
the increase in diameter of cultures of the organism on agar plates has been 
widely used. Although some workers have employed increase in weight of 
the fungus on liquid media, the validity of the plate method is substantiated 
by the agreement between colony growth and the incidence of disease curves 
as shown by Jones et al. (10). 

The influence of temperature on growth rate of a number of strains of 
Fiisarium pernicwsum, F. solani martii, and an unknown species of Fu- 
sarium from Alhizzia was determined with the use of Brown’s synthetic 
medium. The medium was poured in 90 cm. Petri dishes, about 15 cc. per 
dish. Twelve isolates were employed. These were divided among various 
strains and species as follows ; Two isolates of F. solani martii, 1 isolate of 



0 12 3 4 5 6 

DAYS 

Fig. 3. Curves showing average radial growth of Fusarium perniciosum for a period 
of 6 days at different temperatures on Brown’s synthetic medium. 

F. sp., and 9 isolates of F. perniciosum v^ith 1 in the appressed-culture class, 
3 in the raised mycelium-culture class, and 5 in the raised sclerotium-culture 
class. Singie-spore isolations were made from each of these 12 isolates and 
small bits of mycelium of approximately equal size from young, vigorously 
growing colonies were used to plant test plates for each strain at each tem- 
perature. 

Three plates w^'ere prepared for each fungus for each of the temper- 
atures studied. These plates were placed in constant-temperature chambers 
held at 10, 16, 24, 27, 30, 33, and 35 degrees C., within ±: 0.5° C., and incu- 
bated for 6 days, when, at the optimum temperature, the colonies were 
approaching the edge of the plates. The average diameter of each of the 
colonies was determined at 24-hour intervals. 

Eesults and Discussion 

The radial growth of Fusarium perniciosum during a 6-day period at 
different temperatures is shown in figure 3. F. perniciosum has a rather 
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sharply defined optimum temperature of about 25° C., with a maximum 
slightly over 35° C. Although no measurable growth occurred at 10° C., 
this temperature is not the absolute minimum for development. Cultures 
kept at 0 and 2° G. are not injured, and over a long period of time may 
show some growth activity. Although very little growth occurred at 35° 
C., the fungus was not injured, since, at the close of the experiment, the 
cultures were removed to room temperature, where they at once resumed 
growth at the rate normal for this temperature. 

Growth of Fiisarium solani martii and F. sp. was somewhat different 
from that of F. perniciosum. F. solani martii had an optimum temperature 
of 27° C. and a maximum of about 37° C. Otherwise, growth curves were 
similar to those ot F. perniciosum. F. sp. was characterized by having a 
much slower growth rate than the other two fungi. These growth curves for 
F. perniciosum are similar to those for other vascular wilt fusaria, with 
which incidence of disease has been shown to be closely correlated (10). 

POSSIBLE ORIGIN OP THE DISEASE 

There are several ways in which this disease may have originated. The 
causal fungus may have been present as a weak parasite or saprophyte on 
some other host plant until it came in contact with the mimosa ; or the dis- 
ease may be caused by some variation or saltation from some common 
Fusarium that has become adapted to the mimosa. To date, with the species 
tested, no species outside of the genus Albizzia has been found susceptible 
to F. perniciosum. If the fungus were a common saprophyte on other hosts, 
the disease would be expected to be much more widely distributed than it is. 
The work of Armstrong (1), in which he indicates that the fusarium wilt of 
cotton and tobacco apparently are caused by the same organism, is of inter- 
est in this connection. In view of the great variability of the mimosa-wilt 
fungus and the facility with which it sectors and saltates, it seems highly 
possible that this parasite may have arisen as a saltant from some other 
closely related Fusarium of the section Elegans, group Ox^^sporum. There 
is no direct evidence, however, in the present ease to show that F. pernicU 
osum has evolved from some related form. 

Another possibility that, because of the epidemic nature of this disease, 
seems most plausible is that the fungus has been introduced from some 
foreign land. The disease of Albizzia julibrissin reported from Kussia (16) 
is in all probability identical with that under consideration in this report ; 
unfortunately, however, a cultural study of the causal agent of the disease 
in Eussia has never been made. Consequently, positive proof of its identity 
is lacking. Because of its rather sudden appearance in both Eussia and the 
United States, however, the mimosa wilt may have been introduced into both 
places. Hepting (9) advances this as the most plausible explanation of the 
origin of the mimosa wilt. It is possible that F. perniciosum originally was 
present as an endemic pathogen on some other species of Albizzia and was 
introduced into the United States and Eussia on this species. The greater 
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resistance of Albkzia leMek mid A. thorelii lends support to this hypothesis. 
There are about 40 species of Alhkzia and many closely related genera dis- 
tributed throughout the tropical regions of the world ; and it is possible that 
some one or more of these species normally harbors the wilt fungus as a 
weak parasite.' 

SUMMARY 

The vascular wilt of mimosa {Albizzia julibrissin Durazz.), caused by 
Fusarium perniciosum Hepting, was studied. In the United States it has 
been found in Virginia, North Carolina, South Carolina, and Georgia, where 
it has destroyed numerous ornamental trees. A similar disease has been 
described from Eussia. 

Cultural studies of the fungus isolated from wilt-diseased trees show that 
there is considerable variation among the numerous isolates. These have 
been divided into 3 cultural classes based on character of growth in culture, 
and are designated: (1) appressed, (2) raised mycelial, and (3) raised 
sclerotiah 

The etfeet of different media on growth of this fungus was studied. The 
type of growth was found to vary with the media used. 

Well-defined sectors were observed in a number of the cultures of 
Ftisarmmi peniiciosum. This phenomenon of saltation occurred in all cul- 
tural classes. 

The pathogenicity studies were divided into two groups : (1) the relative 
virulence of different cultural variants of the causal fungus, and (2) sus- 
ceptibility of different tree species. With soil-inoculation experiments it was 
noted that variation in virulence was related to variation in cultural char- 
acters. The cultural classes, arranged in order of virulence, follow: (1) 
raised mycelial cultural class, highly virulent; (2) raised sclerotial cultural 
class, moderately virulent; and (3) appressed cultural class, nonvirulent. 
Water-culture inoculations did not give results in entire agreement with soil 
inoculations. In this ease all forms produced a greater degree of wilting 
than they did when used in soil inoculations. 

In addition to Albkzia julibrissin^ the susceptibility of A, lebbeh Benth., 
A. lophantha Benth., A. thorelii Pierre, Bobinia pseudoacacia L., Gleditsia 
triacanthos L., Ccrcis canadensis L., and Mimosa pudica L. was tested. It 
was found that A. lebbeh was more resistant to a highly virulent strain of 
Fusarium perniciosum than was A. julibrissin, and was unaffected by an- 
other less virulent strain. A. lophantha is more susceptible than A. juU- 
brissi 7 h to the highly virulent strain tested, but is apparently resistant to 
certain other strains pathogenic to A. julibrissin. 

The life history of Fusarium perniciosum is briefly as follows: The 
fungus spreads on or through the soil. When the inoculum comes in contact 
with mimosa roots it enters through epidermis or root hairs, traverses the 
cortex to the vascular system, where its devrfopment interferes with the 
proper functioning of this tissue, and, as a result, the foliage wilts and the 
plant dies. Finally the roots decay, liberating the fungus into the soil again. 


616 


PHYTOPATHOIiOGY 


[VOL. 31 


The temperature studies of the gro\vth of the fungus in culture show that 
Fusarium perniciosum has a well-deifined optimum around 25° C. and a maxi- 
mum slightly over 35° C. The minimum is not so well-defined, but is some- 
what below 10° C. 

While the origin of this fungus is nnknown, it may have originated as a 
saltant from some common soil Fusarium, or it may have been introdiieed, 
possibly on some species of Albizzia other than A, jiiUhnssin^ 

Division of Forest Pathology, Bureau op Plant Industry, 

U. S. Department op Agriculture 
In cooperation with the Appalachian Forest Experiment Station 
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FACTORS AFFECTING INFECTION IN RYE SMUT AND 
SUBSEQUENT DEVELOPMENT OP THE 
FUNGUS IN THE HOST^ 


LeeLing 

(Accepted for publication November 12, 1940) 

Previous work on Urocystis occulta (Waltr.) Rab., has shown that the 
moisture eoiiteiit and temperature of the soil are important in determining 
the extent of infection of rye by this smut (17). The effect of other factors, 
such as H-ion concentration of the soil, fertilizers, and light, has not been 
studied in detail. It was the writer’s purpose in conducting this investiga- 
tion to study various factors that influence the infection of rye and the later 
development of the smut within its host. 


MATERIALS AND METHODS 

Five commercial varieties of rye were used: Dakold (Minn. 93), Eosen 
(Minn. 82), Swedish (Minn. 2), the most commonly grown winter varieties, 
and the spring varieties Prolific (Minn. 89) and another sample (labeled 
KS-l) obtained from Northrup, King and Company, Minneapolis, Minne- 
sota. The latter will be designated hereafter simply as spring rye. The 
smut used throughout the work was collected at University Farm, St. Paul, 
Minnesota. 

Rye seeds were inoculated either by dusting heavily with dry chlamydo- 
spores or by soaking in a heavy spore suspension for a day. The latter 
method was more satisfactory and was used in certain experiments in the 
greenhouse. For field experiments, 1.5 to 2 g. of inoculum was used for 
each 100 g. of rye seed. 

In greenhouse experiments, 6-in. flower pots, at least in quadruplicate, 
filled with steamed soil composed of two parts loam and one part sand were 
used, except in the study of soil moisture and soil nutrition in which glazed 
jars were used. Infected plants usually were not counted until 3 months 
after planting, which insured the maximum development of smut. Because 
of the dense stand in field studies, culms were counted instead of plants. 
Additional materials and methods will be described whenever necessary. 
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17'^ C., varying* with the depth of planting. High soil moisture markedly 
reduced the percentage of smutted plants and 'also narrowed the thermal 
range for infection. The following experiments were a continuation of the 
work mentioned above, and included a study of the effects of several addi- 
tional environmental factors on infection and development of U. occulta. 

Hydrogen-ion Concentration 

To obtain a range in hydrogen-ion concentrations, hydrochloric acid and 
hydrated lime were added to a series of soils. Hydrated lime was thor- 
oughly mixed with the soil at the rate of from 3 to 30 g. per kg. of soil ; and 
hydrochloric acid was applied in normal solution at 10 to 50 cc. per kg. of 
soil. pH was measured electrometrically by the Division of Soils, Univer- 
sity Farm, St. Paul, Minnesota. The pH of untreated soil was 7.2. Two 
hundred inoculated seeds of Dakold rye were planted in each of the soils in 
flats. The seedlings were counted 9 days after planting and then trans- 
planted into the nontreated soil in pots, where they remained until notes 
were taken. Thus only seed germination, development of seedlings, and 
infection by the fungus were influenced by the hydrogen-ion concentrations 
of the soil, while later development was under uniform conditions in the 
greenhouse. The results (Table 1) indicate that the percentage of 


TABLE 1 . — Effect of soil reaction on infection of DaTcold rye ly TJrocystis occulta 


Soil pH 

Kumber seedlings 
emerged^ 

Number plants 
after three months 

Per cent plants 
infected 

5.49 

140 

122 

35 

5.87 

134 

118 

32 

6,36 

138 

114 ' 

40 

7.36 

141 

117 

50 

8.58 

132 

122 

34 

8.92 

145 

138 

17 

10.14 

140 

134 

4 

11.10 

146 

139 

3 

11.92 

143 

138 

1 


a 200 seeds were planted in each series. 


emergence of rye seedlings apparently was not affected by the hydrogen- 
ion concentration and that infection reached the maximum at pH 7.36, 
beyond which it decreased. The plant vigor at the end of the experiment 
also was in no way affected by the treatments in the seedling stage. 

Moisture 

Prom results of many investigators, it is well established that soil moisture 
has a decided effect on infection by cereal smuts. Reduction in infection may 
take place toward either extreme of soil moisture. According to Jones (8), 
and Bartholomew and Jones (2), high soil moisture inhibits both the spore 
germination of Ustilago avcnae (Pers.) Jens, and the percentage of infection 
in oats. There is no evidence, however, regarding the effect of soil moisture 
on the development of smut in the host after infection has occurred. Experi- 


1941] 


619 


Ling: Rye Smut (Ueoctstis occulta) 

ments therefore were made in the greenhouse in an attempt to determine the 
extent of this influence. , 

In each of the two experiments made, 18 glazed i-gal. crocks were filled 
with equal amounts of air-dried soil, the water-holding capacity of which had 
been determined previously. The bottoms of the crocks were covered with 
a layer of pebbles to facilitate watering. Inoculated seeds of Rosen rye were 
planted and the soil was kept at approximately 25 per cent of its water-hold- 
ing capacity in all the crocks. Ten days after planting, the crocks were 
divided into 3 groups of 6 each. Soil in one group was retained at 25 per cent 
water-holding capacity, and sufficient water was added to the crocks in the 
other two groups to bring the soil moisture to 50 and 75 per cent, respectively. 
The water loss from transpiration and evaporation was determined by weigh- 
ing the crocks daily and comparing with the original weight; it was replen- 
ished by means of a glass tube extending through the soil to the bottom of 
the crock. 

The results (Table 2) show that the development of Urocystis occulta 
in the host, subsequent to infection, like the initial infection reported by Ling 
and Moore (13), was favored by a relatively dry soil. As the pathogen was 


TABLE 2 . — Effect of soil moisture on development of Urocystis occulta in Bosen rye 


Soil moisture 
content, in 
percentage® 

First experiment 

Second experiment 

Total num- 
ber plants 

Per cent 
plants infected 

Total num- 
ber plants 

Per cent 
plants inf ected 

25 

63 

35 

81 

26 

50 

61 

29 

82 

24 

75 

51 

14 

80 

19 


a Based on water-holding capacity of soil and determined on air-dry basis. 


no longer affected directly by soil conditions after its entrance into the host, 
the effect on the fungus must have been indirect, through some change in the 
vital processes in the host cells. 

Nutrition 

Experiments were made to determine the influence of fertilizers on the 
development of rye smut. The tests were conducted at Coon Creek, Minne- 
sota, on a very poor sandy soil, using sodium nitrate, treble superphosphate, 
and potash at 200, 200, and 400 pounds an acre, respectively, alone and in 
combination. Very little smut developed (about 1 per cent) ; however, no 
definite conclusions can be drawn from the data. Later, similar experi- 
ments were made in the greenhouse with ordinary sand, using the same fer- 
tilizers. There were no significant differences in the percentage of smut, 
which ranged from 14 to 24 per cent, as a result of those treatments. 

Sand Culture in Greenhouse 

Since it was impossible definitely to control the nutrients in soil, another 
experiment was made by growing rye plants in 3-salt nutrient solutions in 
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sand culture. Inoculated seeds of Dakold rye were germinated on wet filter 
paper in large Petri dishes at 15° C. After 5 days, the seedlings were trans- 
planted into quartz sand in glazed crocks 12 cm. deep and 16 cm. in diameter. 
Seedlings were selected at random without consideration for deformities, as 
these might have resulted from smut infection. The sand was of medium 
fineness, with a water-holding capacity of 32 per cent on the dry-weight 
basis. Seven culture solutions were selected from those described by Tre- 
lease and Trelease (19), to represent a wide variation in salt proportions. 
Bach had a total concentration of 0.02 g. mol. per 1. In addition to the 3 
main salts, KH2PO4, CaCNOOs, and MgSO, each solution contained 
0.000001 g. molecule of FeS04 per 1. The solutions were renewed every 
week. For supplying and removing the solution, the method described by 
Livingston (14) was followed. The moisture content of sand was main- 
tained approximately at 50 per cent of water-holding capacity. 


100 KHxPO^ 



respectively. 

Table 3 gives the volume-molecular proportions of the 3 salts, together 
with the dry weight of healthy and infected plants and the percentage of 
smut infection. The same data are plotted in the triangular diagram of 
figure 1. The best growth occurred in solution D, which had equal molecular 
proportions of the 3 main salts. Ca(N03)2 was apparently more infiuential 
in determining the dry weight than either of the other salts. From the 
diagram it is obvious that the area along the left edge of the triangle is 
occupied by 3 solutions where the growth was poor and represents the lowest 
partial concentration of Ca(N03)2. The dying of basal leaves, however. 
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appeared to be more severe in these 3 solutions, as well as in solution D. The 
dry weight of infected plants was consistently low'er than that of healthy 
plants, being 71 to 95 per cent of the latter. 

Regarding the smut infection, it is shown in table 4 that the variance due 
to nutrient solutions is significant. The minimum mean difference requires 
a value of 13.3 for significance. Thus the infection in solution B was signifi- 


TABLE 4 . — Analysis of variance of smvt infection in DalcoU rye in sand culture 


Variaiiee due to 

Degrees of 
freedom 

Sum of 1 

square 

Variance 


Replications 

3 ' 

1,215.07 

347.21 

3.90a 

Solutions 

6 

2,083.24 

Error 

18 

1,603.23 

89.07 


Total 

27 

4,901.54 




a Exceeds 5 per cent point, but fails to reach 1 per cent point. 


eantly higher than in others, with the exception of solution D ; and it was 
significantly lower in solution G. In the triangular diagram, if a line were 
drawn from the upper apex to the middle of the bottom edge, the high and 
low infections would lie on two extremes of the line, respectively, while 
medium infections occurred in the middle of the line and also in the area 
beyond the line. This line would represent the partial concentrations of 
KH2PO4, decreasing toward the lower end. Such a relation also appeared 
to be true in the case of susceptibility of wheat to mildew, as studied by Tre- 
lease and Trelease (19). 

The results suggest that the amount of smut infection in this experiment 
was chiefly determined by molecular ratios of KH2PO4 to Ca(N 03)2 and 
MgSOi in the solution. Apparently, there is no correlation between host 
vigor, as indicated by dry weight of uninfected plants, and susceptibility 
to smut. 

LIGHT FACTORS 

Photoperiodism 

Since the extensive investigations of Garner and Allard, a considerable 
amount of research has been done on the effect of the relative length of day 
and night upon growth and reproduction in plants. Leukel (10) reported 
a slight increase in the percentage of loose-smut infection in barley plants 
receiving a normal period of daylight over that of those exposed to addi- 
tional artificial illumination. To determine the effect of light period on 
interdependent development of rye and Urocystis occulta and also to find 
out whether such effect is sufficient to cause the variation between experi- 
ments in the greenhouse made at different times of the year, a spring variety, 
Prolific, and a winter variety, Dakold, were used. Different day-length 
conditions were provided as soon as the seedlings began to emerge. For 
the long-day plants, the natural day was supplemented from 11 p.m. to 7 
a.m. every day with light from 500-watt Mazda lamps in deep-bowl reflec- 
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tors. Tlie intensity of artificial light at the level of soil was about 200 foot- 
candles. Under artificial illumination, air temperature at the level of soil 
was raised approximately 1.5° C., but there was no appreciable change in 
soil temperature. The short-day condition was produced for the plants by 
means of a frame covered with 2 layers of heavy brovui wrapping paper. 
The plants Avere uncovered in the middle of the day to receive a light period 
from 6 to 8 hours. Control plants with the natural light period were pro- 
tected from the artificial light by a curtain. The natural day length 
increased over the period of experiment from 9 to 11 hours. 


Fio. 2. Effect of lengtR of day on growth of Dakold rye (A) and spring rye (B). 
1, long day (17-18.5 hours) ; 2, natural day (9-11 hours) ,* 3, short day (6-8 hours). 

In agreement with the observation of Adams (1), the rate of growth 
was more rapid at first in the rye seedlings grown in a short-day condition, 
but later those plants exposed to long day attained greater height (Fig. 2). 
As shown in table 5, the dry weight of healthy plants of Dakold increased 
with increase in the length of exposure to light. In the ease of Prolific, 
however, the short-day condition produced more dry matter in plants than 
the natural one, by increasing the number of tillers. The infected plants 
were more stunted and significantly reduced in dry weight. Dakold, the 
Avinter rye, failed to head at the end of the experiment, probably because 
of the rather high temperature (17-20° 0.) at the time of germination. 
Purvis (16) also mentioned that day length and the temperature of germina- 
tion are two interdependent factors determining flowering in winter rye. 
Prolific, the spring variety, produced normal heads under the exposure to 
long and to natural light periods and only a few small heads in the short- 
day series. 
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Per cent 
plants 
infected 

48 

39 

29 

I 

Date of 
first 
appear- 
ance of 
smut 

J an. 2 

Jan. 11 

J an. 22 

lit of tops 
t, in mg. 

Infected 

244 

252 

1 - 

117 

^ r- tS 

I*! S 

fi W 

462 

335 

236 

Total 

number 

lilants 

i 

CO rH CO 

CO lO to 

Per cent 
Xilants 
infected 

<X) O b. 

<M CO 03 

Date of 
first 
appear- 
ance of 
smut 

Jan. 10 

Jan. 21 

Jan. 27 

Number 

plants 

headed 

55 

33 

6 

Date of 
first 
heading 

Jan. 26 

Feb. 3 

Peb. 16 
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The development of the fungus in both varieties also was retarded by 
the short-day condition and hastened by the long day. The final percentage 
of infection^ however, was increased only in Dakold with the lengthening 
of the light period, but it was not significantly affected in Prolific. Addi- 
tional experiments were made in the greenhouse to test the effect of light 
intensity on development of Urooystis occulta in Eosen rye. In plants 
exposed to reduced light intensity the first perceptible smut lesions were 
always observed 2 to 4 days later than in those receiving full daylight, but 
the final amount of infection was very similar in the two groups. 

RELATION OF SEEDLING VIGOR TO SMUT INFECTION 

Eate of Seed Germination 

Since the time of Brefeld, many investigators have endeavored to inter- 
pret the variation in smut infection under diverse conditions by differences 
in the rate of germination and subsequent growth of the seedlings of the 
host. Attempts even have been made to correlate the varietal resistance 
with the speed of germination, though accumulated evidence indicates that 
the complex nature of disease resistance can hardly be explained in so 
simple a manner. However, within a variety, the rapidity of seed germi- 
nation possibly has some influence on the amount of infection. This has 
been shown for bunt-infected wheat by Paris (4), who found that more 
infection occurred in the wheat seedlings, which were quicker to emerge 
from the soil. The present investigation was undertaken with both Urocystis 
occulta and Tilletia levis in order to have a direct comparison with Paris’ 
results. 

Seed of Dakold rye and Ceres wheat was inoculated with Urocystis 
occulta and Tilletia levis, ^ respectively, and planted in pots at a uniform 
depth of one inch. The pots were kept in the greenhouse at different tem- 
peratures during the first two weeks after the seeds were sown. In each 
temperature series plants were divided into 3 groups. In one group, only 
the seedlings which had emerged in the first 2 days after the appearance of 
the first plant were retained, and all those appearing later were removed. 
In another group, only the late seedlings were permitted to grow. The 
check consisted of all seedlings, none being removed. The results (Table 6) 
confirm the work of Paris. However, only under lower temperatures, i.e,, 
15° C, for Urocystis occulta and 10° C. for Tilletia levis, is it true that the 
more rapidly emerging seedlings had a higher percentage of smut than 
those of slower growth. The amount of smut in check plants was inter- 
mediate between the two. At higher temperatures, however, there was no 
such difference. Paris explained his results on the basis of the difference 
in host vigor, more vigorous seedlings being more subject to infection. In 
reality, however, late seedlings of wheat and rye were not necesarily very 
much weaker than those emerging first. 

2 The material was collected by Mr. W. Butler in the state of Coahuila, Mexico, April, 
* 1936 . 
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TABLE 6. — 'Effect of rapidity of germination of rye and wheat seed on the infection 
of Dahold rye 'by Urocystis occulta and Ceres wheat by Tilletia levis 


Temperature of 
germination, in °C. 

Time of seedling 
emergence 

Total number of 
plants or heads 

Per cent plants or 
heads infected 

U 7 'ocy\Htis occulta 

15 

Early 

124 

46 

15 

Late 

65 

37 

15 

Check 

129 

39 

20 

Early 

164 

27 

20 

Late 

53 

28. 

20 

Check 

121 

26 


Tilletia levis 


10 

Early 

160 

61 

10 

Late 

93 

39 

10 

Check 

159 

56 

15 

Early 

50 

14 

15 

Late 

42 

14 

15 

Cheek 

73 

23 


Date of Seeding 

In 1935 and 1936 rye was sown on various dates in the spring and again 
in the fall, each over a period of a month or more, to determine the influence 
of date of planting on the incidence of smut. Figure 3 gives, for the 1936 
fall planting, a graphic summary of the relation of soil temperature, soil 
moisture, rainfall, and date of planting to the amount of rye smut. 



Fig. 3. Graphic representation of factors affecting the infection of Dakold rye by 
Urooystis occulta at different dates of sowing. 
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For spring rye, the maximum percentage of infection (3 per cent) was 
produced on tlie April 20 planting, wliich. is about the usual time for seeding 
rye in central Minnesota. There was a trace of smut in later sowings until 
May 19, after which no infection was found. The soil temperature fluctu- 
ated considerably throughout the whole planting period from a minimum 
of 37.6 to 61.7° F. It was not too high for the germination of chlamydo- 
spores, even at the time of the last seeding, while the distribution of rainfall 
was fairly even. The elimination of smut was probably caused by the rapid 
) rise in temperature during late spring, the high temperature accelerating 

the growth of plants, which probably escaped infection to a great extent 
for this region. In 1935-36 most smut was found on the first two plantings, 

9 per cent occurring on the planting of September 21 and 11 per cent on 
that of September 26. For the succeeding year, again most smut occurred 
on plants sown on September 21, 17 per cent ; and September 27, 15 per cent. 

In 1935 and 1936, the soil temperature during the pre-emergence period of 
seedlings planted between September 21 and 27 remained close to 58° F. 

; the optimum for infection. In October, the temperature dropped, thus 

preventing to a considerable extent the germination of chlamydospores. 

The rainfall throughout September and October was low, and the soil 
moisture did not seem to be an important factor for infection, as moisture 
sufficient for germination of rye seeds would also be sufficient for germi- 
nation of chlamydospores. Several factors relating to smut infection during 
the period rye was planted in 1936 are presented in figure 3. 

Depth of Seeding 

Woolman and Humphrey (22) showed that there was a direct correla- 
[ tion between the depth of seeding and the percentage of bunt infection in I 

wheat. Taylor and Zehner (18) also reported a similar case in susceptible 
varieties of winter barley infected by Ustilago hordei (Pers.) Eell. and Sw. 
and U. nuda (Jens.) Kell, and Sw. If the susceptible stage of seedlings 
were limited to the period of pre-emergence, the liability to infection would 
be increased by deep sowing. Field data obtained from 1935 to 1937 with 
both spring and winter rye show that such a tendency also existed in plants 
infected by Vrocystis occult a, but less definitely. It was found that with 
Dakold rye in 1935-36, seeds planted at a depth of -I inch had 5 per cent 
smut, at 1 inch 8 per cent, at IJ inches 14 per cent, and at 2 inches 11 per 
cent. The data for the years 1936-37, are as follows: i inch depth 6 per 
cent, 1 inch 15 per cent, li inches 13 per cent, and 2 inches 14 per cent. On 
the basis of these results it may be concluded that shallow planting, 4 inch, 
decreases the amount of smut, while in plantings made from 1 to 2 inches 
more smut is produced, although the amount of infection did not increase 
uniformly with increasing depth of seeding. Data from spring rye were 
inconclusive. It was rather difficult to obtain a uniform depth of seeding 
in the field. 
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EFFECT OP UEOOYSTIS OCCULTA ON WINTER SURVIVAL OP EYi2 

The ordinary occurrence of a fairly low percentage of smut in winter 
rye has suggested that most infected plants are predisposed to winter kill- 
ing. Following the severe winter of 1935-36, field observations showed that, 
at least in the variety Dakold, more smutted plants were killed than smut- 
free ones. In 1936-37, experiments were made with 3 winter varieties, each 
inoculated with 3 different amounts of smut. The seed was space-planted. 
The plants were counted soon after emergence and again at maturity, the 
percentage survival being computed on this basis. The results are presented 
in table 7. 


TABLE 7 . — Ejfect of infection lyy Urocystis occulta on winter survival of rye^ 


Variety 

Grams of 
inoculum 
per 100 
g. seed 

Number 

seedlings 

emerged 

Stand at 
maturity 

Percent 

plants 

survived 

Per cent 
plants 
infected 

Dakold 

2.5 

134 

105 

78 

23 


1.5 

100 

81 

81 

26 


0.5 

147 

133 

90 

18 


check 

139 

128 

92 

0 

Rosen 

2.5 

154 

^ 123 

80 

12 


1.5 

136 ’ 

' no 

81 

6 


0.5 

147 

122 

83 

6 


cheek 

158 

128 

81 

0 

Swedish 

2.5 

101 

79 

78 

29 


1.5 

112 

96 

86 

18 


0.5 

105 

92 

88 

18 


cheek 

108 

90 

83 

0 


a Results are based on triplicate rows, eacb sown with 100 seeds. 


In comparing the rate of germination of inoculated seeds and check there 
was no indication that smut affects germination of the seed. The winter 
was rather mild for a conclusive test of the hardiness of rye. Only in 
Dakold, the most winter-hardy variety grown, was there any indication that 
smut-infected plants were predisposed to winter injury in this region. In 
this ease 92 per cent of the plants survived in the check as compared with 
78 per cent in the most heavily inoculated plots. The other two varieties, 
Rosen and Swedish, are more susceptible to winter injury, but failed to show 
any appreciable difference in percentage survival between infected and 
noninfeeted plants. 

CROSS INOCULATION ON WHEAT 

The fungus causing flag smut of wheat was first determined by Wolff 
(21) as JjTocystis occult d. Koernicke (9) separated 77. tTitici as a distinct 
species on the basis of morphological characters alone. McAlpine (15) con- 
cluded from his experiments of cross inoculation with Urocystis from wheat 
and rye that the two species were parasitically distinct. His results later 
were confirmed by Griffiths (6) in: the United States and by Verwoerd (20) 
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in South Africa. The writer's data also agree with McAlpine. Negative 
results were obtained when 5 varieties of winter wheat and 4 of spring 
wheat were inoculated with TJ. occulta. The following varieties were tested : 
Harvest Queen (source unknown), Fultz (C.1. 1923), Jones Fife (C.I. 6177), 
Red May (CJ. 5620), Red Rock (C.I. 6951), Mindum (C.I. 5296), Kota 
(C.I. 5878), Kubanka (C.I. 2094), and Acme (CJ. 5284). Rosen and Dakold 
rye had 24 and 38 per cent infection, respectively. Vrocystis tritici was not 
included, as it does not occur in this region. 

CONTROL MEASURES 

Seed Treatment 

During 1935 and 1936 a number of commercial fungicides were tested 
for their effectiveness in controlling the flag smut of rye. The amount 
recommended by the manufacturers was applied. Most of the fungicides 
gave excellent control, only a trace of smut oceurring in the majority of the 
treated plots of winter rye, while in the control plants 15 per cent smut was 
found in 1935-36 and 12 per cent in 1936-37. So little smut appeared in 
the control plots of spring rye in 1935, that information regarding the effi- 
cacy of seed treatment could not be obtained. Only 2 treatments gave more 
than a trace of smut in the 2 years' testing of Dakold rye. With 20 per 
cent copper carbonate, 3 per cent smut occurred in 1935-36, while formalde- 
hyde dip allowed 2 per cent in 1936-37. In both 1935 and 1936 the period 
following sowing was very dry and considerable reduction in stand was 
noticed in seeds treated with formaldehyde dip and Corona-formaldehyde 
dust. Particularly during 1936, both treatments also retarded the germina- 
tion of seeds 2 to 3 days later than the check, and caused appreciable stunting 
in the seedlings. With the two organic mercury dusts, Ceresan and New 
Improved Ceresan, the stand was increased, probably due to the protective 
action of these fungicides against the soil-borne pathogens. 

The Effect of Picric Acid Added to Soil 

Recently evidence has been obtained to show that resistance of wheat 
and barley to Puccinia triticina Eriks, and P. simplex (Koern.) Eriks, and 
Henn. could be induced by applying organic compounds to soil (5, 7). 
Picric acid, one of the compounds used by these workers, was tested for 
the possibility of chemical immunization of Dakold rye attacked by Urocystis 
occulta. Picric acid was applied at various times at rates of 60 to 240 mg. 
per kg. of soil. It was applied after the emergence of seedlings in one or 
several applications, to prevent its direct influence on germination of 
chlamydospores. The smallest amount of picric acid, 60 mg. per kg. of soil, 
applied once, gave 34 per cent smut, while one application of 120 mg. gave 
31 per cent. One hundred twenty mg. picric acid applied in 4 doses at 
3-day intervals reduced the percentage of smut to 22, while 240 mg. of 
dust applied in 4 doses at 3-day intervals gave 20 per cent. The untreated 
plants had 37 per cent smut. Several applications of acid at intervals seemed 
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to be more effective than a single one. While the amount of smut was 
reduced, there was some injury to the plants, the injury increasing with 
the higher concentrations of acid. 


^ XX. Necrotic spots developed on leaves of Dakold rye treated with picric 
B. Stimulative and stunting effects of picric acid on growth of Dakold rye. 1, 
Treated with 60 mg. of acid per kilogram of soil j 2 , check ; 3, treated with 240 mg. of 
acid per kilogram of soil. 

The damage caused by picric acid on Dakold rye usually was more 
severe than that on wheat. About 5 days after applying the acid, rye seed- 
lings developed necrotic spots, and the tips of the leaves began to wither 
(Fig. 4, A). The necrosis persisted on mature plants to the end of the 
experiment. The growth of plants, however, was stunted only when they 
were treated with a heavy dose of picric acid, while a light dose apparently 
had a stimulating effect (Fig. 4, B). The data obtained indicate that the 
degree of injury was increased and the percentage of infection was decreased 
with an increase in the dose of picric acid, but it is not suggested that picric 
acid treatment of the soil would be practicable for controlling rye smut. 

DISCUSSION 

The establishment of parasitism is dependent on a fine adjustment in the 
host-pathogen complex. Consequently, external factors may influence such 
an adjustment in the following ways: (1) by altering the susceptibility of 
the host; (2) by altering the aggressiveness of the pathogen; (3) by a com- 
bination of both. Sometimes, however, it is rather difficult to evaluate the 
relative importance of these effects. In analyzing such complex conditions, 
emphasis must also be laid upon the time factor involved, for the length of 
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time during which the pathogen acts upon the host is always a matter of 
importance. As suggested by Brefeld (3), environmental factors may affect 
the relative growth of host and pathogen in a differential way, and once the 
harmonious relationship between the two organisms becomes disturbed, the 
parasitism may no longer be maintained. This may occur any time during 
the incubation period, or even before the entrance of the pathogen. 

The rapidity of germination of chlamydospores of Uroeystis occulta is 
influenced profoundly by temperature and also, to a lesser extent, by the 
substratum, although the total germination may be similar in all instances 
(11) . The significance of the speed of germination may easily be overlooked, 
but, in nature, this is of great importance. It has been shown that rye 
seedlings are susceptible only until the emergence of the first true leaf, and 
thus infection necessitates germination of the spores within a certain time. 
In this case, the soil temperature during the time of seed germination must 
be a limiting factor in the establishment of the disease. High temperatures 
may hasten the germination of the rye seeds but delay the germination of 
the chlamydospores, or a low temperature may retard the germination of 
the fungus more than that of the host, so that the pathogen will miss the 
opportunity of entering the host. 

Having gained entrance, the ability of the pathogen to establish itself 
will depend upon its reaching the meristematic region of the host within a 
limited length of time and keeping pace with it (12). Photoperiodism affects 
the development of the two organisms in a parallel way, for, especially in 
Prolific rye, the appearance of smut sori occurred consistently from 13 to 20 
days before the time of heading. 

Many investigators have emphasized the relation between host vigor and 
the development of disease. In the present study, however, there was no 
indication of correlation between the two. Light is one of the important 
factors influencing plant vigor. In Dakold rye, the percentage of smut was 
increased with an increase in light exposure, although this may be more 
reasonably attributed to factors other than host vigor, but there was no dif- 
ference in the amount of smut infection in Prolific and Rosen rye grown 
under various light conditions. Likewise, the degree of vegetative vigor of 
rye in sand cultures, as influenced by salts supplied to the roots, was not 
correlated with the degree of susceptibility "fesmut. The most vigorous 
plants were moderately susceptible; less vigorb® ones moderately to highly 
susceptible ; while least vigorous ones were least to moderately susceptible. 

There are many contradictions in the literature regarding the effect of 
certain nutrient elements on the susceptibility of plants to smut. Most of 
these investigations, however, were made in ordinary field or greenhouse 
soil, the composition of which was not controlled in the field or in the green- 
house, and in which the variation probably would be the cause of divergent 
results. In the present study, results obtained with sand cultures indicated 
that a solution high in KH2PO4 and low in Ca(N03)2 and MgSO* decreased 
the number of smutted plants while a relatively high concentration of 
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Ca(N 03)2 and MgS 04 with low eoneentrations of KH 2 PO 4 iiu-rease the 
number of smutted plants. The range in concentration of the 3 .salts, which 
can be obtained in culture solutions cannot be duplicated in soil. However 
no attempt was made to differentiate between the action of phosphorus 
and potassium. 

Under natural conditions, hydrogen-ion concentration does not seem to 
be a limiting factor in the occurrence of the disease. The development of 
the pathogen, including the germination of chlamydospores, infection and 
growtt on artificial media, can take place over a wide range of pH. Spore 
germination and infection of seedlings have a similar range of pH the 
optima being 6.86 and 7.36, respectively. However, as the actual pH values 
in the two separate_ experiments did not correspond exactly, they have 
possibly a true optimum, lying between pH 6.86 and pH 7.36."^ The 

therefore, determine infection 
through its effect on spore germination rather than through any influence 
on host resistance. For the growth of the fungus on artifiSal medium, the 
optimum pH is lower than that for spore germination. In Dakold rye the 
acidity of expressed sap also undergoes such a change, becoming more acid 

pH of 616, while in those 12 weeks old it was 5.91. Whether such coincident 
13 tie P.thogett in the host 


ary sou not only favored infection bnt subsequent 

tile fungus in the host. 

mt of smut produced, but with sand cultures under green- 

■ urn ntoatf “ potassium phosphate 

-lum nitrate and magnesium sulphate, decreases the amount 

iXeulr the amount of smut. 

nin! of t^irkt Prolific rye, whfle in 

bt of the light period increased the amount of smut some- 

germination of rye seed affected the amount of infection by 

inatld rmWlv^'^^^ liigher temperatures, 
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nd possibly other varieties, smut-infected plants tend to bo 
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were less effective in reducing- smut. However, the heavier applications of 
picric acid injured the plants. 
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confined to buds or very young leaves, and the larvae were applied in a sup- 
porting medium. This usually was a finely pulverized, black, volcanie 
pumice, described elsewhere as black sand (5), selected because of its ease 
of wetting and its retentiveness of water. As a relatively nonabrasive 
medium, soil that had passed through a 150-mesh standard sieve was some- 
times substituted. Plant parts to be infested were covered by adding alter- 
nately water and the dry medium, then a concentrated suspension of nema- 
tode larvae was added, folio-wed by more dry medium to absorb excess 
water. Infested plants were held in a moist chamber usually for 48 hours, 
the supporting medium was then washed off and the plants returned to the 
glasshouse. Cheek plants were handled similarly except that no nematodes 
were applied. 

For the demonstration of nematodes in tissues without sectioning, the 
acetone, osmic-acid, clove-oil method of Godfrey (3) was chiefly employed. 
With mature leaves of certain species, however, sufficient treatment with 
acetone to remove chlorophyll prevented the nematodes from darkening with 
osmic acid. A slower but more selective removal of chlorophyll was ob- 
tained by a brief treatment in the hot 80 per cent acetone followed by soak- 
ing as long as necessary in 70 per cent alcohol. 

infestation of buds 

Miscellaneous Plants 

Infestation of vegetative buds of members of several families gave vari- 
able results. No galls nor evidence of establishment of the parasite were 
observed on Bixa orellana h., Brassaia aciinophylla P. von Mueller, Crota- 
laria spectahilis Roth, EtipliorMa hirta L., Erigeron alhidus (Willd.) Gray, 
Raimannia odorata (Jacq.) Sprague and Riley, emd Vernonia cinerea (L.) 
Less. Necrosis of young leaves occurred on Brassaia and Vernonia, and 
entire infested growdng points oi Raimannia died. With none of these 
plants were experiments sufficiently extensive to prove Heterodera marioni 
unable to establish, but these species appear less susceptible to leaf and stem 
infection than several plants to be considered. 

Aerial gall development, sometimes with associated pathological condi- 
tions, followed infestation of plants of 6 species representing 5 families. Of 
these, the Whippoorwill variety of eowpea was studied most extensively and 
will be considered last. 

When Heterodera marioni larvae were applied in black sand to the 
apical bud of tomato. Globe variety, nematodes established and developed to 
maturity in stems, petioles, rachises, petiolules, midribs, and small veins in 
the laminae. Galls appeared within a week and enlarged progressively 
until some of them exceeded 2 cm. in diameter (Fig. 1), representing effects 
of parasitism of several generations of nematodes out of contact with soil. 
From large galls on leaf rachises, short-lived root tips and, more rarely, 
dwarfed foliar axes were formed. These large galls superficially resembled 
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the bacterial crown gall disease, but attempts to isolate pathogenic bacteria 
failed consistently. 

With the Perfection variety pea, Pisum sativum L., a few experimental 
infestations of apical buds resulted in only occasional infections of leaflets 
and stipules. Larvae apparently penetrated with difSculty and chiefly in 
groups. Insufficient host accommodation in gall formation, accompanied by 
tearing of the tissues, was followed by early deterioration of the infected 
parts, and leaflets processed for microscopic observation after 22 days showed 
the parasites alive but poorly developed. 


Fig. 1. Large compound galls on rachis and tip of terminal leaflet of mature tomato 
leaf infested 5 months earlier by applying larvae in black sand to the bud. Slightly 
redueed. 

In leaf laminae and petioles of Emilia soncJiifolia DC., numerous galls 
developed within which nematodes came to maturity and laid eggs. In 
laminae, the parasites were distributed on both large and small veins where 
they produced chiefly small, simple galls. On petioles, however, long com- 
pound galls soon developed rugose surfaces. 

In the succulent leaves and stems of Portulaca oleracea L., the relatively 
few nematodes that established caused so little gall formation that when the 
flrst generation egg masses w^ere well developed, infected parts were dis- 
tinguished only with difficulty (Fig. 2, A). 
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Young pineapple {Ananas comosus (L.) Merrill) seedlings and the 
crowns of young inflorescences developed numerous inconspicuous leaf in- 
fections (Fig. 2, B). Giant-cell groups formed in the veins but remained 


Fig. 2. A. Heterodera marioni females that have begun to lay eggs in very slightly 
hypertrojihied stem of purslane. Heads are directed up the stem and giant cells extend 
up farther than down. x24. B. Small galls on leaf of pineapple seedling. Few of the 
parasites matured to lay small numbers of eggs after 2 months, x 1.4. 

small. The parasites developed slowly. Few of them matured, the first 
beginning to lay eg*g*s after 2 months. 

Cowpea 

Numerous experiments in which apical buds of Whijipoorwill cowpea 
weretnfested immediately after separation of the first pair of simple leaves, 
or at later stages until the first trifoliate leaf was 5 mm. tall, proved the 
young leaves and stems of this plant to be very susceptible to the root-knot 
nematode. Localization of the parasites and the pathological disturbances 
that followed, varied with the stage of bud development and with the method 
of applying the infestation, whether with or without a supporting medium, 
but nearly every plant infested developed typical galls in which nematodes 
matured and laid eggs. Closely similar results were obtained with the Iron 
variety in limited trials, and the relatively nonabrasive soil proved as effec- 
tive as black sand as a supporting medium, except for the greater difficulty 
attending its use. Somewhat fewer and generally lighter infections fol- 
lowed the application of a suspension of larvae alone. 



Phytopathology 


Tig. 3. Stem galls on Whippoorwi 
nrst internode, partly necrotic. Slightly 
hypertrophied 24 days after infestation 
scp below the bud and the ^ 

minal gall above' first epicotyledonary node 
lateral shoot has replaced the terminal, anc 


U cowpea. A. Compound gall 5 months old on 
reduced. B. Apical bud blinded but only slightly 
of the young bud. Notice the large abseiision 
tiud. x2. 0. Ter- 
. A noninfected 
•om the gall sur- 




Fig. 5. Adaxial surfaces of Whippoorwill cowpea leaflets infested in the bud 40 days 
earlier with JS. marioni larvae with black sand as a supporting medium. A. Heavy infec- 
tioUj well distributed, showing many galls of varied sizes. This leaflet contained 72 
females, 26 males, and 18 immature or dead nematodes. See figures 8 and 9 for nematodes 
within this leaflet. B. Very heavy infection concentrated on or near midrib in basal half 
of leaflet, with a few galls more widely distributed. 

Leaf infections were seen only in trifoliate leaves, the simple leaves being^ 
too old for establishment of the parasites when only half their mature length. 
First leaf symptoms, seen 48 hours after heavily infesting buds encased in 
a supporting medium, consist of an irregular and precocious unfolding of 
leaflets. Progressively, distortion becomes more evident, accompanied by 
mild mottling, vein clearing in the vicinity of developing parasites (Fig. 4),, 
and occasional enations, giving some specimens a transitory resemblance to* 
a virus disease. Galls become discernible within 5 or 6 days on midribs^ 
and more slowly on lateral veins (Fig. 5, A and B), and, as these enlarge 
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and particularly as dark egg masses develop under the epidermis (Pig 
B), the nature of the infection becomes clearly apparent. In contrast v 
tomato leaves and cowpea stems, the new generation of larvae seems una 
to feed in cowpea leaves. Heavily infected leaflets, particularly leaf 
borne on heavily infected petioles, early become senescent (Pig. 6, A and ] 


I'eXf alM XeTf eVd.*"® ObTeivf 
ot abscised terminal leaflet, 

Infestation without a supporting medium results in the i 
very young leaves and the stem tin. the 
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volvecl. Heavy infection at this stage results in profuse galling- but in 
relatively mild deformity of leaves (Fig. 5, A and B). 


Fig. 7. Distortion accompanying moderately light infection localized in the first 
trifoliate leaf of a cowpea plant infested 22 days earlier by applying JS, marioni larvae 
to the very yomig bud as soon as the simple leaves had separated. Nematodes were counted 
in this leaf, processed 39 days after infestationj as follows: Left (upper) leaflet, 14 
females, 1 male, 11 immature; terminal leaflet, 9 females, 1 male; and right (lower), 8 
females, 3 males, 2 immature. Compare with figure 5, A, where llfl nematodes in one 
leaflet caused little distortion x 0.9, 

Much more severe leaf deformity, out of proportion to numbers of larvae 
present, results from infection of leaves when only 1 to 2 mm. long. With 
light infection, deformity including deranged venation may occur at points 
where nematodes are not established (Fig. 7), and with heavy infection 
leaflets may be limited to miniature, irregular, structures (Fig. 6, A). 
Here, some additional pathological action distinct from gall formation 
must be involved. 

INFESTATION OP WOUNDS 

When larvae in black sand were applied to longitudinal slits in the 
adaxial surface of rachises of tomato leaves |-grown, gall formation along 
wounds was visible within 10 days and, during 3 months, long, continuous, 
rugose galls developed. Leaves not wounded but otherwise treated similarly 
developed no galls. 
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Cowpea leaves, except when very young, were not entered by larvae 
placed in black sand on the uninjured surface. Where the epidemis was 
broken, however, larvae entered, but galls were seen to develop followino- 
infestation of only very young cowpea leaves. The rather persistent eauT- 
bium m large veins of the tomato leaf but not in the cowpea midrib probably 
explains these contrasting results. " 

Freshly prepared cuttings of 3 plant species were infested by standino' 
48 hours in infested quartz sand. The cuttings were then washed' to remove 
nematodes from the surface and were planted in separate pots of sand 
supplied with nutrient solution. In one cutting of a variety of Coleus 
Uumei Benth., processed for examination 50 hours after the beginniixc- of 
exposure 30 larvae were found, all below the lowermost node, where they 
were distributed in the cortex and rays but not in the pith. Four euttino-s 
the to' ! months’ growth, were all heavily galled at and below 

lith r ri ’ internode above 

galled developmental stages. Boots also were heavily 

When semi-woody cuttings of a variety ot Begonia (apparently a 
spotted-leaf derivative of B. coccinea Hook.) were treated in the same way 
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leaves they are most abundant in midribs and large lateral veins, but some 
are found in the finest veinlets (Figs. 8, 9). These nematodes exhibit a 
striking polar orientation, feeding with the head directed up the stem, 
petiole, or midrib, or towards the periphery of the lamina, if in a lateral 
vein. Such orientation is characteristic not only in cowpea (Fig. 8) but 
also in pea, purslane (Fig. 2, A), tomato, and Emilia, the only plants ex- 
amined for it. Confused orientation is naturally most frequent in veinlets 
of irregular direction, but it occurs sparingly even in midribs. 


Fig. 8. Piece from lower right of leaflet shown in figure 5, A, illustrating develop- 
ment of females to larger size in large than small veins. The right end of this figure 
was near the basal margin of the leaflet, at the right of the midrib. Note polar orienta- 
tion on large vein at left. Compare with figure 9. x 20. 

Migration of larvae before locating to feed may continue during several 
days. In cowpea leaves several millimeters long, larvae have been found 
feeding after only 2 days. In buds fixed 3 to 5 days after infection oc- 
curred, some larvae were feeding in young veins, but those found in undif- 
ferentiated tissues of the apical primordium were still migrating. Here 
they were irregularly oriented in varied postures, contrasting with the rela- 
tively straight posture assumed at sites of permanent feeding. That they 
were still migrating was evidenced by specimens found with either head or 
tail in the stem tip and with the other end in a very young leaf or stipule 
primordium. It appears that intercellular migration continues until the 
larva finds a well formed procambial strand or immature vein, and that, in 
primordial structures, this migration may be of sufficient extent to cause 
the deformity of leaves that follows infection of very young buds. 
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Rate of development of females and the size they attain at maturity are 
related to the feeding site (Pig. 8, 9). In stems, development appears to 
be almost as rapid as in roots. In midribs and large lateral veins, however, 
it is somewhat slower, and in veinlets, especially near leaf margins, it is 
slower still. Here the females mature at smaller size. Where development 
of females indicates poor nutrition, occasional nematodes have been ob- 
served, in association with collapsed giant cells, that apparently died while 
immature (Pig. 9, C). Males also are more numerous here, agreeing with 
the findings of Tyler (8) that unfavorable conditions increase the percentage 
of males. Possibly indicative of poor nutrition in the cowpea leaf in gen- 
eral is the fact that the leaflet shown as figure 5, A, contained 72 females, 
26 males and 18 undifferentiated or dead nematodes, representing an ex- 
ceptionally high proportion of males. Here, males formed definite galls 
(Pig. 9, B). When males, after their final molt, migrate through the leaf, 
their irregular path is marked by cell destruction and necrosis. 

discussion 

The demonstrated ability of the root-knot nematode to develop to matu- 
rity in leaves and stems indicates that some factors other than nutritional 
adaptation normally limit this root pathogen to subterranean parts. While 
admitting that occasional leaf and stem galls may have been overlooked or 


TABLE 1. — Representative parasites of aerial plant parts and of roots, compared 
as to ratio of length divided hy greatest diameter^ 


Nematodes 

Stageb 

Alphas 

Parasites of aerial parts: 



Anguina tritici 

Larva, 2nd stage 

47 

Anguina agrostis 

Larva, 2nd stage 

46 

Anguina graminis 

Larva, 2nd stage 

46 

Bitylenchus angustus 

Female 

58 

Ditylenehus dipsaci 

(Female) 

(41) 

Bitylenchus graminophilus 

(Female) 

(29) 

Tylenchus 'balsamophilus 

(Female) 

(31) 

Anguina millefolii 

Larva, 1st stage 

21 

Aphelenchoides fragariae 

Female 

52-42'3 

Parasites of roots : 



Bitylenchus radicicola 

(Female) 

(24) 

Heterodera marioni 

Larva, 1st stage 

32.4 

Heterodera schachtii 

Larva, 1st stage 

Young female 

20-233 

Fratylenchus aherrans 

25 

Pratylenchus pratensis 

Female 

24, 253 


Larva 

19 

Fratylenchus musicola 

Female 

30 

Fotylenchus similis 

Female 

28 

Eotylenchulus reniformis 

Young female 

19 

Tylenchulus semi’penetrans 

Young female 

18 


a Compiled and calculated from divers sources. 

t> Inf ective stage wiiere data are available j entries in parentheses are not important 
infective stages. 

c Length divided by greatest diameter; mean of published values, or calculation 
from means of published dimensions. 

^ Ranges of 2 or more races. 
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incorrectly diagnosed, it must be accepted that this nematode, in nature, 
rarely develops in aerial organs that have not been in contact with soil. 

The problem appears to be one of inability of the larvae to gain access 
to aerial parts. The extreme sensitivity of the Heterodera marioni larvae 
to desiccation and irradiation (4) appears most important, for it limits 
periods of larval migration over exposed plant surfaces to periods of con- 
tinuous wetness. In contrast, shoot-infesting nematode species generally 
develop stages tolerant of desiccation. Special tropisms may help to deter- 
mine the plant parts selectively attacked by various nematodes. Chloro- 
phyllous tissues, however, are attractive to H, marioni larvae (5), and these 
studies show no lack of stimulus to penetrate such tissues. Another possi- 
bility relates to the shape of a nematode in relationship to its ability to 
traverse moist plant surfaces without such support as soil affords. Pre- 
sumably, an elongate, slender nematode could more readily overcome sur- 
face films to glide from droplet to droplet on a moist leaf or stem than could 
one proportionately shorter. The compilation of length-diameter ratios of 
nematodes (Table 1) tends to support this view, for parasites of roots as a 
group are not nearly so slender as are several of the species most successful 
as parasites of aerial parts. 

Contrasting sharply with the wide adaptability of Heterodera marioni 
to divers hosts is the apparent precision with which it selects its point of 
feeding in differentiating shoot tissues, almost always in a young vascular 
bundle and most frequently in the metaxylem region. That this is not 
merely a selection of immature or meristematic tissues is indicated by the 
usual failure of these larvae to establish in the apical primordium of the 
stem or in very young leaf primordia, prior to the beginning of vascular 
differentiation. Associated with this is the polar orientation of larvae at 
the time they come to rest, suggesting that the directing stimuli may be 
related to processes of translocation through immature vascular elements. 

Mechanical injury to apical meristems of roots may contribute more to 
t e formation of terminal galls than has usually been assumed, for such 
injury in the shoot primordium appears to cause both blinding of the bud 
and severe leaf deformity, even when relatively few larvae are present com- 
pared with numbers that may enter somewhat older leaves without causing 
severe deformity. Although the intercellular migration of these larvae 
through meristematic tissue appears to kill very few cells, the mere separa- 

tion of cells probably would sufdce to disturb the coordination of tissue 
aiirerentiation. 

That pathogenic effects of secretions of Heterodera marioni are not 
s rictly localized around the feeding parasite is demonstrated by these 

111 W. of oowpea leaflets may extend several 

m llimeters from the nearest parasite, much farther than the longest giant- 

group. Apparently, it represents mild hypertrophy in or along the 
ent. Perhaps these cleared veins are to be regarded as greatly elongated 
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galls. The substances stimulating this hypertrophy, however, apparently 
diffuse some distance along the vascular bundle. Also, the development of 
typical giant cells out ot reach of the mobile head of the nematode proves 
that secretions of this parasite may diffuse from cell to cell in highly effec- 
tive concentrations. Such findings call attention to the possibility that 
very heavy but localized infections, as in roots, may result in at least mild 
systemic disturbances of plant growth and function, in addition to the more 
obvious curtailment of root growth and restriction of translocation through 
galled steles. 

The special phase of wound penetration presented by cuttings may 
assume practical significance in relationship to dissemination of the root- 
knot nematode, since it is shown that certain cuttings, if exposed to moist, 
infested media, may develop internal stem infections that cannot be detected 
at a stage when root growth is just sufficient for the plants to be potted or 
set out. 

Among plants in which no leaf nor stem infection was obtained, Cro- 
talaria spectaiihs, Engeron albidus and Euphoriia Mrta have appeared 
highly resistant to root infection in local trials. Bixa orellana, Brassaia 
act'inophylla and Vernonia cinerea have developed some root galls in which 
females matured, but still appear relatively resistant, but Baimannia odorata 
is definitely susceptible to root infection. These data suggest that some 
plants possess a type of resistance to the root-knot nematode that is not 
localized in roots alone. 

SUMMARY 

When larvae of Heterodera marioni were placed into buds of favorable 
plants and protected from drying, penetration occurred and galls developed 
in which one or more generations of nematodes matured. In some other 
plants, including species both resistant and susceptible to root knot, no 
shoot galls were obtained. 

In cowpea leaves infected in the bud while very young, galling was 
aceompanied by distortion, crinkling, mild mottling, vein clearing, and 
occasional enations. Tomato leaves, and the stems of both tomato and cow- 
pea, developed large galls under the influence of successive generations of 
parasites. 

Leaves too mature for the larvae to penetrate unaided were entered 
readily through fresh wounds. After wound infestation, no nematodes 
established in half-grown cowpea leaves, but rachises of f -grown tomato 
leaves developed large galls. Wound penetration permitted establishment 
of the parasites in the bases of both soft and woody cuttings. 

After penetrating young leaf or stem tissues, larvae migrate to young 
vascular bundles to feed usually in the metaxylem region, and show strong 
polarity, nearly all heads being directed up the axis or towards the apex or 
margin of a lamina. Giant cells develop as in roots. 

Males are relatively abundant in cowpea leaves, especially on smaller 
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veins and near margins where weak development of females indicates poor 
nutrition. 

Among factors normally limiting H. marioni to roots, sensitivity to 
desiccation and irradiation appears most important. Also, data compiled 
from various sources show these larvae, like infective stages of other root 
parasites, to be relatively shorter than several successful parasites of shoots ; 
and body shape may influence ability to move over moist surfaces of leaves 
and stems. 

Pineapple Experiment Station, 

Honolulu, Hawaii. 
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TRANSMISSION OP PLANT VIRUSES BY DODDER 

FOLKEjOHlSrsOH 
(Accepted for publication November 23, 1940) 

INTRODUCTION 

One of the most effective methods for the transmission of plant viruses is 
that of grafting. It has been employed in the study of plant viruses that 
are not readily transmitted by mechanical means or for which no insect 
vectors are known. The method, however, has obvious limitations, since 
only plants closely related taxonomically can be grafted successfully. Ben- 
nett’s report (1) of transmission of sugar-beet curly-top and cucumber- 
mosaic viruses by dodder (Ciiscuta suUncUisa Dur. and Hilg.) suggests a 
possible means of overcoming the limitations of the grafting method. All 
members of the genus Cimiita are twining, scale-leaf plants, mostly devoid 
of chlorophyll and capable of parasitizing numerous kinds of plants. The 
parasite loses its connection with the soil and obtains its water, minerals, and 
elaborated food by the production of haustoria, which penetrate the epi- 
dermis and become attached to the conducting tissues of the host. When a 
single dodder plant parasitizes two adjacent hosts, a natural bridge of con- 
ducting tissue, apparently as intimate as a graft union, is established be- 
tween the two plants (3, 5, 6, 7). In this way, connections in nature may 
take place between plants as far removed from each other taxonomically as 
are ferns and asters. 

The present paper reports the results of a study on transmission of sev- 
eral different plant viruses by Guscuta campestris Yuncker.^ 

MATERIALS AND METHODS 
Virus Stocks 

The following viruses were studied: aster-yellows virus {Chlorogemis 
callistepM var. vulgaris H.),^ curly-top virus (C. eutetticola H.), tomato- 
bushy-stunt virus (Marmor dodecahedron H.), cucurbit-mosaic virus (M. 
astrictum ySiT. aucuia H.), tobacco-mosaic virus (If. iadaciysiY. vtdgare H.), 
tobacco-ringspot virus (Aotnuhis tahaci var. virginiensis H.), and the com- 
plex that was previously known as white-elover-mosaie virus (white-clover 
virus 1) (4), but that is shown in this paper to consist of two viruses. 

The Parasite 

Cuscuia campestris is native to the United States ; it also has been found 
in South America, Europe, Africa, Asia, and in the Islands of the Pacific 
Ocean. Its seed probably has been carried with that of clover and alfalfa 

1 The writer is indebted to Dr. H. L. Dean of the State University of Iowa for supply- 
ing the seed, and to Dr. T. G. Yuncker of DePauw University for his assistance in 
identifying the species. 

2 The Latin names used in this paper follow the system of nomenclature in the Hand- 
book of Phytopathogenic Viruses (2). 
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from one country to another. Not less than 26 genera in 10 plant families 
are known to have been parasitized successfully by this species, and it is 
likely that nearly all herbaceous plants may serve as favorable hosts. 

Dodder seeds were germinated between layers of moistened filter paper 
in Petri dishes and the seedlings placed in contact with young, healthy 
alfalfa and clover plants. Subsequent growth of the parasite on these and 
similar plants constituted a stock supply. 


tris luncLr activities of Cusouta campes- 

im j!uneEer.^ Wealthy tobacco plant on left is joined by dodder to an older dise-fser 

giaph^by J®A.^Carlife!f ^ parasitized.’ (Photo- 

One- to 2-in. sections were cut from the tips of healthy dodder stems and 
placed in contact with plants infected with the viruses to be studied. When 
parasitism was established, 1 to several dodder stems 10 or more inches in 
length were allowed to become attached to adjacent healthy test plants (Fio-. 
1 ). No part of the diseased host was allowed to come in contact with the 
healthy test plants. The dodder connections were allowed to exist until 
the test plants became diseased or until it was evident that no symptoms of 
disease would appear, after which the dodder was trimmed off and the test 
plants allowed to grow for further observations until the experiment was 
discontinued. Constant trimming and pruning of the parasite was neces- 
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sary in certain eases to prevent a growth that would kill or seriously injure 
its hosts. 

A second method of transmission was to parasitize healthy test plants 
with 2-.in. sections from the tips of dodder stems that had grown on 
diseased hosts. Transmission of virus was judged by the production of dis- 
ease symptoms or by its recovery from test plants. 

All experiments were conducted in a greenhouse, fumigated regularly 
to destroy insects, and where optimum conditions for rapid growth were 
maintained. The tests were conducted in the fall and winter of 1939 and 
the spring and summer of 1940. 

EXPERIMENTAL RESULTS 

Aster-yellows Virus 

In the first test, 10 young China aster plants {CalUstephus cMnensis 
Nees) infected with yellows were parasitized by dodder, which soon joined 
them to an equal number of healthy test plants. Observations were made 
on the test plants 28 to 30 days after haustoria had penetrated the epidermis, 
but no symptoms of yellows were observed. 

A second test was conducted as follows : Ten parasitized yellows plants 
were joined to 10 healthy plants. Similarly, 10 parasitized healthy plants 
were connected to 10 diseased plants. Observations were made for 30 days, 
but no symptoms of yellows developed. Five test plants from each lot were 
later caged with leaf hoppers (Macrosteles divisus Uhler), carrying the virus, 
and all took yellows. The remaining noncaged plants remained free from 
the disease. 

In the light of these experiments, it seemed desirable to determine 
whether dodder parasitizing yellows plants picked up the virus. Consider- 
able quantities of young vigorous dodder stems growing upon plants in- 
fected with yellows and upon healthy aster plants were cut and placed in 
separate insect-proof cages. Sixty nonviruliferous leaf hoppers were placed 
in each cage. After 2 days' feeding, the insects from each cage were trans- 
ferred to 10 healthy individually caged aster plants and allowed to remain 
for 8 days. Some insects died, but enough remained to place from 4 to 5 
in each cage. The leaf hoppers were transferred at the end of 8 days to a 
new set of plants and allowed to remain 4 days, when they were removed 
and destroyed. As might be expected, none of the asters in the first set 
of plants took yellows ; the incubation period of the virus in the insects had 
not been completed while they fed on these plants. Four aster plants in the 
second set became diseased with yellows, while all control plants remained 
healthy. This result demonstrated that virus was present in the dodder 
grown on hosts inf ected with yellows. 

Since it was shown that Cuscuia campestris picked up the virus from 
yellows plants, further attempts were made to determine whether it would 
transmit the virus. Indian tobacco {Nicotiana rustica L.) is susceptible to 
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yellows, growls well, and is readily attacked by this species of dodder. Ten 
healthy plants of N. rustica and 10 of aster were each parasitized with a 
2-inch stem section of dodder cut from host plants infected with yellows. 
Likewise, an equal number of healthy plants was parasitized with dodder 
from healthy plants as controls. The 2 groups of plants were far removed 
from each other, and the plants in each were spaced to prevent contact. 
The parasite was permitted to g:row at random until all plants in each sepa- 
rated group became joined with numerous connections. The plants %vere 
respaced once during the progress of the experiment, and at this time most 
dodder stems connecting adjacent hosts were broken. Ho\vever, new growth 
quickly rejoined the plants. Three asters and 3 N. rustica plants became 
diseased with yellows, while all control plants were free from virus symp- 
toms during the course of the experiment. 

These results were confirmed by testing an additional 20 Nicotiana 
rustica plants and 10 healthy asters. The asters were placed between rows 
of iV'. rustica and all plants were joined by dodder taken from diseased 
plants. Three of the N, rustica plants and one aster became diseased with 
yellows. The plants that became infected were scattered at random among 
the parasitized host. No aster leaf hoppers were present in the greenhouse, 
and several hundred healthy aster plants grown in the same house remained 
healthy. 

These experiments show that Cuscuta canipestris is capable not only of 
picking up aster-yellows virus but of transmitting it to healthy aster and 
Nicotiana riistica 

Bushy-stunt Virus 

Twenty tomato plants (Lycopersicon esculentum Mill.), infected with 
bushy stunt, were parasitized by dodder and joined to an equal number of 
healthy test plants. Five became infected and showed typical symptoms of 
bushy stunt; the first plant showed symptoms 23 days after haustoria had 
penetrated the epidermis. 

Cucurbit-mosaic Virus 

Twenty-two healthy cucumber plants (Cucumis sativus L.) were con- 
nected by means of dodder to an equal number of plants infected -with 
cucurbit mosaic. The plants grew slowly, but one showed typical cucurbit 
mosaic 21 days after it became parasitized, and within the next 6 days a 
total of 7 plants was infected. The remainder of the plants failed to 
become diseased. 

Curly-top Virus 

In the first experiment with sugar-beet curly top, 10 young sugar-beet 
plants {Beta vulgaris L.) were tested as described above. The first plant 
became diseased 19 days after dodder had joined it to an infected host, and 
a total of 6 plants subsequently became diseased. A second test was con- 
ducted during the time when high summer temperatures prevailed in the 
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greenhouse. During this period the parasite grew slowly and branched 
profusely into small spindly stems. Of 10 infected plants parasitized by 
dodder, only 6 could be joined to healthy test plants because of the abnormal 
growth of the parasite. One of the 6 plants became diseased. 

Tobacco-mosaic Virus 

Of 26 healthy tobacco plants (Nicoti<in(i idbacum L.) connected by means 
of dodder to an equal number of plants affected with tobacco mosaic, 13 be- 
came diseased. The shortest time for symptoms of mosaic to appear in any 
plant was 26 days and the longest time 35 days. 

The virus was recovered from dodder that had parasitized mosaic-in- 
fected plants. Ten tobacco plants were inoculated with juice extracted 
from dodder growing on diseased plants, and a similar number of plants 
was inoculated with juice expressed from dodder parasitizing healthy 
plants. Nine of the 10 plants in the first group became diseased, while all 
control plants remained healthy. These results with Cuscuta campestris are 
of special interest in view of Bennett’s inability to transmit tobacco-mosaic 
virus by means of 0. subindusa (1) . 

It seemed of interest to determine whether tobacco-mosaic virus multi- 
plied in tissues of Cuscuta campestris. Twenty 2-in. tips of dodder 
stems were cut from tobacco plants infected with mosaic and allowed 
to parasitize healthy alfalfa {Medicago sativa L.), a plant that is considered 
immune from the virus. Haustoria penetrated the plants and the parasite 
soon became established. After 35 days, 20 terminal sections were cut 
from the dodder on the alfalfa and transferred to a second set of alfalfa 
plants. Good growth of the parasite on the first set of alfalfa was not pro- 
duced until 45 days after the plants became parasitized, when a portion of 
the dodder was removed and ground in a sterile mortar. The juice was used 
as inoculum for 20 leaves of Nicotiana glutinosa L. and 10 tobacco plants. 
No symptoms of disease resulted from these inoculations. The dodder grow- 
ing on the second set of alfalfa plants was removed 33 days after the parasite 
had established itself, ground in a mortar, and tested for virus. The inocu- 
lations failed to reveal its presence. These results indicate that tobacco- 
mosaic virus does not multiply in the tissues of C. campestris, although it 
is transmitted by the parasite, 

Tobacco-ring-spot Virus 

Twenty-two tobacco plants affected by tobacco ring spot in a chronic 
stage and 10 plants showing an acute stage of the disease were connected to 
an equal number of healthy plants by means of dodder. The test plants 
joined to the hosts in the chronic stage were observed for 33 days and those 
joined to acutely affected plants were held for a period of 41 days. No 
symptoms of ring spot developed in either set of plants, and repeated at- 
tempts to recover virus from them failed. All were susceptible to infection 
by juice inoculation. The results showed that tobacco-ring-spot virus was 
not transmitted by dodder. 
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The question arose, however, whether virus was present in dodder that 
had parasitized the ring-spot plants. A considerable quantity of the para- 
site that had maintained itself throughout its period of gTOwth upon diseased 
tobacco was ground in a sterile meat chopper. The juice obtained W'as 
passed through 2 layers of cheesecloth and used to rub over leaves of 10 
healthy tobacco plants. A similar number of plants was inoculated with 
juice from the hosts upon which the dodder grew. Plants rubbed with juice 
from Cusc%tta failed to show symptoms of ring spot, but all plants inoculated 
with host extract became diseased. This test was confirmed in 3 different 
experiments. It is concluded that very little or no virus was present in the 
tissues of the parasite. 

White-clover Virus 1^ 

This virus was found by the writer to produce symptoms of streak in pea 
corresponding to those reported in the literature (4, 8, 9). Several attempts 
to join healthy pea plants by means of dodder to mosaic-infected white 
clover failed. The connections in pea did not grow well, and for this reason 
other hosts susceptible to the white-clover virus were used. Broad bean 
(Vida fala L.) became systemically infected with the virus and was also 
a favorable host for Cuscuta campestris. Twelve plants of broad bean -were 
joined in the usual way by dodder to white clover (Trifolium repens L.) 
infected with mosaic. Similarly, 8 hop-clover plants (Medicago liipfulina 
L.), infected with the virus from white clover, were connected to 8 healthy 
hop clover plants. One broad-bean plant became mottled 23 days after 
parasitism was established, and 12 days later a total of 9 plants showed 
mosaic symptoms. Five hop-clover plants became systematically infected 
with virus between 30 and 40 days after haustorial penetration. 


TABLE 1. — Besults of virus transmission ly the parasitic activities of dodder (Cus- 
cuta e'ampestris) 


Viruses tested 

Hosts 

No. 

plants 

tested 

No. 

plants 

in- 

fected 

Days 

for 

symp- 

toms 

to 

appear 

Aster yellows 

Aster (CaUistephus ehinensis Nees) 

50 

1 . 4 1 

40 

i C ( i 

Indian tobacco (Nicotiana rustica L.) 

30 

6 

35 

Bushy stunt 

Tomato (Lycopersicon esculent um Mill.) 

20 

5 

23 

Cucurbit mosaic i 

Cucumber (Cucumis sativvs L.) 

22 

7 

21 

Curly top 

1 Sugar beet (Beta vulgaris L.) 

16 

7 

19 

Tobacco mosaic 

Turkish tobacco (Nicotiana tahacum L.) 

26 i 

13 

26 

Tobacco ring-spot 

\ ' ti ii 1 1 i i ^ 

32 i 

0 


White-clover mosaic 

: , Pea (Pistfm satiwm L.) 

18 1 

0 


u a a 

Broad bean (Vida f ah a L.) 

12 

' 9,' i 

23 

f < < < i i 

Hop clover (Medicago lupulina L.) 

8 

^ "i 

30 


Pea plants, mechanically inoculated with juice from the infected broad- 
beans and hop-clover plants, came down with symptoms of mosaic instead 
Pullm^^Wa^shin^on supplied by Dr. L. K. Jones of WasMngton State College, 
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of with those of streak. This result also was obtained several times by rub- 
bing leaves of Dwarf Alderman and Hundredfold peas with juice extracted 
from dodder stems parasitizing mosaic-infected white-clover plants. On the 
other hand, inoculations of similar plants with juice from the white-clover 
plants invariably resulted in streak. It was found that what had previously 
been considered as white-clover-mosaie virus was actually a mixture of 2 
distinct viruses. Dodder isolated one constituent by transmitting it, alone, 
to the broad-bean and hop-clover plants. The other virus was isolated in 
cowpea {Yigna sinensis Endl.) by mechanically inoculating these plants 
with juice from the mosaic-infected white clover. "When the 2 separate 
viruses were combined and inoculated into pea, typical streak was produced. 

Table 1 summarizes the data on virus transmission by Cuscuta campestris. 

DISCUSSION 

Six of 7 tested viruses were successfully transmitted from diseased to 
healthy plants by the natural parasitism of Cnscuta campestris. In general, 
there was a varied and prolonged delay in the appearance of disease symp- 
toms in the test plants. This period was considerably longer than the in- 
cubation periods that follow mechanical or insect transmission of these 
viruses. The delay may be due to the fact that several days are required 
for haustoria to penetrate through the cortex and unite with the vascular 
elements of the host. Cultural and climatic conditions probably affect the 
growth of haustoria through the cortex of the host, and these factors also 
may play an important part in regulating the passage of materials from 
parasite to host. 

Dodder can be employed in transmission studies with viruses not readily 
transmitted by mechanical means to a wider range of plants than is possible 
by grafting. However, as judged by the results of this study, the parasite 
is not so efficient in transmitting viruses as is grafting. The reasons for this 
are not known. In the graft the scion and stock are closely related taxo- 
nomically, but where dodder parasitizes 2 adjacent hosts there are consider- 
able amounts of foreign plant tissue which the virus must pass through. 
Nothing is known about the effects of dodder cell sap upon virus activity. 
Bennett (1) found that cucumber-mosaic virus multiplied indefinitely in 
the tissues of Cuscuta stthinclusa when parasitizing plants immune from the 
virus, and that the parasite transmitted the disease to healthy susceptible 
plants in 90 per cent of the cases tested. It is known that 2 viruses that are 
transmitted by dodder do not multiply in the parasite. Bennett (1) found 
that curly-top virus did not multiply in C , sulinclusa, and it was shown in 
this paper that tobacco-mosaic virus did not multiply in C. campestris. In 
both instances a low percentage of transmission was obtained. Thus it 
appears that when viruses multiply in dodder, a higher percentage of trans- 
mission is accomplished by the parasite than when no multiplication takes 
place. 
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SUMMARY 

Experiments are reported demonstrating that the parasitic seed plant, 
Cuscuta campesirisy may act as a vector of viruses by its natural parasitic 
development among plants. 

Successful transmission was obtained with viruses causing the following 
diseases: aster yellows, bushy stunt, cucurbit mosaic, curly top, tobacco 
mosaic ; and with one virus of the complex previously referred to as white- 
clover mosaic. Tobacco-ring-spot virus was not transmitted from diseased 
to healthy tobacco by this method. 

Neither tobacco-mosaic virus, which was transmitted, nor tobacco-ring- 
spot virus, which was not transmitted, multiplies in this species of dodder. 

The time required for symptoms to appear in the test plants after they 
were successfully parasitized by infected dodder was greater than that 
required for these viruses following mechanical or insect transmission. 

Prom the Department op Animal and Plant Pathology op 
THE Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 


LITERATURE CITED 

1. Bennett, C. W. Acquisition and transmission of viruses by dodder (Cuscuta suh- 

inclusa). (Abstract) Phytopath. 30: 2. 1940. 

2. Holmes, P. O. Handbook of phytopathogenic viruses. Burgess Pub. Co. (Minne- 

apolis). 1939. 

3. Peirce, G. J. On the structure of the haustoria of some phanerogamic parasites. 

Ann. Bot. 7 : 291-327. 1893. 

4. Pierce, W. H. The identification of certain viruses affecting leguminous T)laiits. 

Jour. Agr. Res. [U. S,] 51: 1017-1039. 1935. 

5. Schumacher, W. Die Absorptionsorgane von Cuscu1:a odorata und der Stoffiibertritt 

axis den Siebrohren der Wirtspflanze. Jahrb. Wiss. Bot. 80: 74-91. 1934. 

6. Thoday (Sykes), Mary G. On the histological relations between Cuscuta and its 

host. Ann. Bot. 25 : 655-682. 1911. 

7. Thompson, John. V. Studies in irregular nutrition. No. 1. The parasitism of 

Cuscuta re flexa, Trans. Roy. Soe. Edinburgh 54 : 343-356. 1925. 

8. Zaxjmeyer, W. J., and B. L. Wade. Mosaic diseases affecting different legumes in 

relation to beans and peas. Phytopath. 23: 562-564. 1933. 

9. — __ pga mosaic and its relation to other legume mosaic 

viruses. Jour. Agr. Res. [U. S.] 53: 161-185. 1936. 



TEANSMISSION OF THE DUTCH ELM DISEASE PATHOGEN 
BY SCOLYTUS MULTISTRIATUS AND THE 
DEVELOPMENT OP INFECTION 

K. G. Pakker, Philip A. Eeadio, Leoh J, Tyler, 

AND Donald D. Collinsi 

(Aeeeiited for publication November 19, 1940) 

It has been demonsti*ated that elm hark beetles (family Scolytidae) 
transmit the pathogen, Ceratostomella ulmi (Schwarz) Bnisman, to healthy 
elm trees (4, 5). Fransen and Bnisman included the lesser European elm 
bark beetle, Scolytus midtistriafus Marsham, in their experiments and C. W. 
Collins et aL (2), working in the United States, also obtained transmission 
to healthy trees by this species. Inoculations made during the early part 
of the growth period resulted in a higher percentage of infectmns than those 
made in middle or late summer (5). Fransen (4) considered that he was 
able to trace infection to certain feeding sears made by scolytid beetles. 
May (7) found that C. %dmi could be isolated from scars from which short 
brownish streaks extended into the twig and from sears ^Un which no appar- 
ent infection had occurred. ^ ’ 

Coremia of Ceratostomella ulmi have been observed in maternal tunnels 
and pxipal cells of both Scolytus scolytus F. and Scolytus multistriatus 
(6, 8). Fruiting structures (mostly coremia) have frequently been ob- 
served in the maternal galleries and pupal cells of S. multistriatus in dis- 
eased trees in and around New York City, Also, they have been observed 
in dead wood from trees not killed by the Dutch elm disease, and in healthy 
logs exposed to beetle attack in the field. A discussion of this and a review 
of the literature are given by Donald L. Collins et al. (3). The beetles be- 
come infested with the fungus, mostly on their outer surfaces, from the 
coremia in the pupal cells. Also, the fungus has been isolated from their 
intestinal tracts (1) . 

MATERIALS AND METHODS 

Cultures of Beetles 

1. To make isolations of the pathogen from the surfaces and from the 
intestinal tracts of beetles they were collected singly in sterile test tubes. 
The individual adult beetle was then: (a) immersed in a sterile drop of 
water in a Petri dish for 30 minutes, (b) immersed in a 1 to 1,000 mercuric 
bichloride solution for 2 minutes, and (c) rinsed in sterile water. The 
intestinal tract was then removed and macerated in a drop of sterile water 
in a Petri dish. Acidified potato-dextrose agar was poured into the plates 

1 Thanks are due the Boyce Thompson Institute for Plant Eeseareh for making avail- 
able facilities for doing much of the work reported here. Dr. W. H. Eankin, in charge 
of Dutch Elm Disease Control for the New York State Department of Agriculture and 
Markets, and members of his staff, assisted in locating and collecting material. Dr. D. 8. 
Welch made suggestions regarding the work and critically read the manuscript. Others 
who assisted in the work are L. L. Peehuman, Seth Pope, and Henry Dietrich. 
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containing the surface washings and the intestinal tracts. It may be 
pointed out that the method of dissection obviated any ehaiice of contamina- 
tion of the intestinal tracts from the few spores that might have escaped 
the mercuric bichloride treatment. 

2. To determine the fungus load carried by beetles used in certain of 
the transmission experiments the beetle-infested logs were first placed in 
small screen cages. Soon after emergence had begun beetles were collected 
daily under aseptic conditions, each in a separate sterile test tube. Each 
beetle was macerated in a drop of sterile water in a Petri dish, one dilution 
made, and acidified potato-dextrose agar poured into the plates. 

Cultures of Plant Tissues 

The method as described was used both for field-collected and experi- 
mental material. The experimental trees were completely dissected in 
searching for infected tissue. If any brown discoloration was found in the 
wood some of the discolored tissue was excised and planted on potato-dex- 
trose agar in Petri dishes. If discolored tissue was not found each feeding 
scar made by the beetles was cultured separately. If only a small amount 
of discolored tissue was present, both it and the scar were cultured, but in 
separate plates. Where the discolored tissue involved more than one scar, 
the scars were not cultured. The recovery of Ceratosiomella ulmi from 
discolored (brown) wood was considered as proof of infection. Where the 
fungus was recovered from the scars only, it was considered that infection 
had not taken place, but that transmission of the fungus by the beetles had 
occurred. On this basis a distinction between infection^’ and ‘‘transmis- 
sion only’’ is made in the tables. 

Methods of Inoculation 

1. By Naturally Infested Beetles. Wood, producing beetles infested 
with Oeratostomella ulmi, was enclosed with healthy trees in out-of-door 
cages 2i feet wide by 5 feet long by 6 feet tall. The side walls were of wire 
screen and the roof was of glass. Bight trees were placed in each cage. 
After allowing periods of 3 to 10 days for the beetles to emerge, the logs 
were removed. 

2. By Artificially Infested Beetles, in the Study of Development of 
Infection. The beetles were collected and immediately surface-disinfested 
as follows: They were (a) dipped in water, (b) in 50 per cent ethyl alcohol, 

(c) immersed in 1 to 1,000 mercuric bichloride solution for 2 minutes, and 

(d) rinsed 3 times in sterile distilled water. After this treatment the 
beetles were placed on filter paper in sterile Petri dishes to dry. After 
drying they were placed in large sterile test tubes with elm twig cultures of 
Geratostoniella ulmi bearing numerous coremia and conidiophores. After 
being allowed to crawl over the cultures the beetles were taken out and 
placed on healthy trees. To do this a cage made of celluloid closed at each 
end with muslin was fastened over the top of the tree and 5 beetles were 
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placed in the cage. The trees in experiments 1 and 3 were inoculated out- 
of-doors and those in experiment 2 were inoculated in the greenhouse. The 
latter were moved out-of-doors in November following their inoculation in 
August. Otherwise, all trees were held in screen or cheesecloth cages out-of- 
doors during the summer months until they were examined. During the 
winter they w^ere all stored out-of-doors. 

Experimental Trees 

With one exception the trees used in all experiments were 2-year-old 
budded nursery stock, 6 to 8 feet tall. They were potted in the fall for use 
the following spring. In experiment 1 of the study of development of in- 
fection, 40 of the trees inoculated were 3 years old and had been potted in 
the spring of the year previous to their use. All trees were in fair to good 
vigor at the time they were inoculated and, in general, continued extension 
of shoot length until about July 1. 

RESULTS OP CULTURES 

Isolations from Beetle Intestinal Tracts 

In order to determine whether Ceratostomella %dmi occurred in the intes- 
tinal tracts of Scaly tits multistriatus, cultures were made from beetles as 
they emerged from wood taken from diseased trees. Of 669 such cultures, 
509, or 76.1 per cent, produced the fungus from surface washings and 96, 
or 14.3 per cent, from the intestinal tracts. The number of colonies in plates 
made from the intestinal tracts was much smaller than in those from surface 
washings. 

Isolations from Beetle-feeding Scars Collected in the Field 

In September, 1935, branches bearing feeding scars of scolytid beetles 
were collected from apparently healthy elm trees in an area of severe dis- 
ease incidence. These branches were brought to the laboratory and cultures 
made of the scars. The fungus was isolated from a short discolored streak 
near one scar. In addition to this it was obtained from 10 of 1,102 scars 
cultured where no invasion was found beyond the scar tissue. The 10 scars 
yielding Ceratostomella ulmi came from 6 of the 14 trees represented. 

On March 24, 1936, similar collections were made from the same location. 
Of 612 scars cultured Ceratostomella ulmi was obtained from 15. 

In 1937 and in succeeding years cultures were made of similar material 
collected at several other locations. Ceratostomella ulmi was obtained from 
scars from most collection stations located near points where trees infected 
with the Dutch elm disease had been found. 

RESULTS OF INOCULATION EXPERIMENTS 

Transmission by Naturally Infested Beetles 

In these experiments, logs used as beetle sources had previously yielded 
beetles 50 to 65 per cent of which carried spores of the fungus. 
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One tree in experiment 1 was discarded because of extensive discolora- 
tion in the wood not caused by Ceraiostomella ulmi. 


TABLE 1 . — Transmission hy naturally infested heetles 






Trees 


Deeding scars 

Ex- ' 

Dates 

Dates 

trees 

, 

Number j 
exam- 
ined 

Number 

■with 

trans- 

mission 

only 



With C. ulmi 

peri- 

ment 

trees in- 
oculated 

exam- 

ined 

Number 

infected 

Number 

cultured 

Num- 

ber 

Per 

cent 


8 on July 1 

Sept. 


1 


414 

25 

1 


1 

and 8 on 
July 4, 1937 

8 on May 28 

17-18, 

1937 

Aug. 

15 

5 

5 

6.0 

2 

and 16 on 
June 8, 1938 

29-31, 

1938 

Aug. 

24 

9 

5 

291 

23 

7.9 


Eninoculated 

31, 

1938 

10 

0 

0 





At the time the trees in experiment 1 were examined, the fungus had 
invaded the wood throughout one tree. Most of the leaves had dropped and 
there was considerable dead wood in this tree. On 3 others 10 to 25 per cent 
of the leaves were wilted or had dropped. There were several dead twigs 
and branches. The discolored tissue varied in extent from 10 to 25 inches 
along the various branches. In some instances the infected twigs had died, 
the fungus being obtained from the dead tissue. 

At the time the trees in experiment 2 were examined, 4 of the infected 
trees showed leaf symptoms such as defoliation, drying, and green wilt. 
On 1 of these trees most of the branches were dead and there were several 
dead twigs on the other 3 trees. In 2 trees most of the wood was discolored ; 
in others there was less discoloration. In 1 tree the only discolored tissue 
was in 1 new shoot, with about 12 inches of the tip involved. 

Development of Infection 

In 1936 and 1937 experiments were designed for the purpose of deter- 
mining whether, if the trees be left standing, infections may eventually 
take place in trees bearing scars in which the fungus persists for 1 or more 
seasons. 

Experiment 1. Twenty trees were inoculated on each of the dates June 
30, July 1, 2, and 3, 1936, with beetles that had been on the cultures for 2 
hours. After the beetles had been on the trees 7 days, they were removed 
and cultured singly. 

Recovery of the fungus from the beetles after their removal from the 
trees was very good, a few hundred colonies being obtained from each beetle. 

Experiment 2. Sixty trees were inoculated, 20 on each of the dates 
August 26, 27, and 28, 1936. The method was similar to that used in experi- 
ment 1. 



TABLE 2 . — Development of mfection following transmission dy beetles 
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Eecovery of the fungus from the beetles after removal from the trees 
was slightly less successful than in experiment 1. 

Experiment 3. One hundred twenty trees were inoculated, 60 on June 
15 and 60 on June 16, 1937. The beetles were left on the cultures overnight 
(about 22 hours) and were removed from the trees after 6 days. 

Eecovery -of the fungus from the beetles after removal from the trees 
was almost as good as in experiment 1. 

At various dates, as indicated in table 2, trees from the different experi- 
ments were cut and examined. Bach lot examined was selected so as to 
represent the whole as to number qf feeding scars. 

In experiment 1 only 1 tree wilted. In experiment 2 no wilt occurred. 
In experiment 3, 1 tree was wilted by July 6, 1937. By August 7, after 18 
trees had been cut for examination, wilt had occurred on 5 other trees, 
varying in extent from J to | of the leaves on each tree. 

niSGITSSION 

In the experiments here reported Ceratostomella ulmi became estab- 
listed in many beetle feeding sears without the occurrence of true infec- 
tion. It is shown in table 2 that infection did not occur in the trees inocu- 
lated in August, 1936, although the fungus could be isolated from feeding 
scars on these trees nearly 2 years after inoculation. Cultures made a few 
weeks, or at various intervals up to 2 or 3 years after the trees had been 
inoculated, indicated little or no difference in the percentage of scars con- 
taining the fungus in viable condition. On the other hand, there appeared 
to be no initiation of infection after a few weeks following the inoculations. 
That is, if G. ulmi was introduced into a feeding sear by the beetles and 
invasion of the adjacent tissue did not take place within a few weeks, infec- 
tion never resulted from that inoculation. The fungus remained viable in 
the scar tissue on some trees more than 3 years without invading the trees. 

In several infected trees in these experiments all discolored tissue was 
dead at the time of examination. If the cultures were made from such trees 
within the growing season of the year in which they had been inoculated 
Ceraiostomella was isolated from the dead part but not from the live 
parts below. In a few instances it was not obtained from the proximal part 
of the dead portion, although it was viable in the distal part. 

There was some indication that the number of trees showing infection 
by cultural examination 2 or 3 years after inoculation was smaller than 
when the examination was made earlier. In no case did the fungus invade 
tissue produced in years subsequent to the year of inoculation. 

The results of these experiments and the ease with which the Dutch elm 
disease pathogen can be isolated from feeding scars collected from trees in 
the field indicate that a great many inoculations made by the feeding activ- 
ities of the beetles do not result in true infection. 

SUMMARY 

Cerastomella %ilmi was obtained from the outer surfaces of Scolytus 
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muUistriatiiS adults in higher percentage than from their intestinal tracts. 
Likewise, the numbers of colonies in the cultures were much greater. 

Transmission of the fungus to potted healthy elm trees by the beetles in 
their feeding activities was readily obtained. The fungus was reisolated 
from feeding wounds on uninfected trees as long as 3 years following 
inoculation. 

Infection was obtained on trees inoculated during the late spring and 
early summer. Inoculations made later in the season induced infection less 
frequently or not at all. 

There was evidence that the fungus sometimes died in infected trees. 
Sometimes the infected twig died without the entire tree becoming invaded. 

Departments op Plant Pathology and Entomology, 

Cornell University, 

Ithaca, New York. 
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STEM BLIGHT OP COTTON CAUSED BY ALTERNARIA 
MACROSPORA 

Lee Lingan-dJuh-waY. Yang 

(Accepted for publication November 12, 1940) 

A stem blight, apparently hitherto nnreported, is widespread in the 
cotton district of Szeehuen Province, China. In certain years it may cause 
substantial loss, especially on certain varieties of Asiatic cotton, Gossypium 
arioreum L. The local farmers are aware of its seriousness, and the name 
dry scar,” descriptive of its symptoms, is given to it. The practice of the 
farmers is to eradicate infected plants as soon as they are discovered. 

A species of Alternaria is found in constant association with this disease 
Although species of this fungus are known commonly as causes of leaf spot' 
boll rot, and seedling blight of cotton, no record can be found, so far as the 
writers are aware, of its attack on the stem of the mature plant. Macro- 
sponum gossypium Thiim., which, according to Mason,^ is an Alternaria 
allied to A. tenuis Nees, was described originally as occurring on dead stems 
of cotton; but it is rather doubtful whether the fungus is a pathogen. 
Later, Hopkins^ provisionally referred a fungus from Southern Rhodesia 
to this species and, without examining an authentic specimen of the original 
made the combination, A. gossypina (Thiim.) Hopkins. Yet he made no 
inoculations on the stem of cotton. A study on the morphology and para- 
sitism of this particular isolate of Alternaria causing stem blight of cotton 
was, therefore, made. 

SYMPTOMS OF THE DISEASE 

The disease occurs on stem, twig, and leaf petiole of mature cotton plants, 
rst the infection apears as a dark brown and somewhat circular spot. 
Under favorable conditions, the spot enlarges rapidly, with its center becom- 
mg deeply sunken to form a canker (Fig. 1, A) . With age the spot changes 
gradually to dark gray and becomes elliptical or oval, with its long axis 

infected tissue usually splits longitudinally or 
cracks into small pieces (Fig. 1, B). Finally the diseased stem or twig 

?Ft^l TJ resulting in the death of part or all of the plant 

1 ^. 1, 0). In the field, a cotton plant inoculated artificially at blossoming 
stage may die in the course of one week. 

When the upper part of the petiole is infected, the lesion may extend 

Xs turn and veins near the base of the leaf. The diseased 

veins turn brown, being similar to the infection by Bacterium malvacearum 
E. F. S. However, the transparency and water-soaked appearance com- 
monly associated with B. malvacearum do not occur in the stem blight. 

Mycology.” LiS 2yi’astY^The w® ^“Pei'ial Bureau of 

2 HopMns, J. 0. B. ^3 pp. 1928. 

boll rot of cotton. Trans. Brit Myc S Te : ?36-ui ^ 

m 
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Fig. 1. Stem blight of cotton. A. Stem lesions on seedlings of the variety Trice. 
B. Advanced stage of stem invasion on a local Chinese variety. C. Portion of cotton field 
showing the damage caused by the disease. 

THE CAUSAL FUNGUS 

Pathogenicity 

The fungus is readily obtained in pure culture by ordinary isolation 
technique. Owing to the scantiness of sporulation in culture, inoculation 
could be accomplished only by applying a bit of mycelium on agar to the 
stem or upper surface of the leaf. The plant thus treated was kept in a 
moist chamber, or the inoculated part was bound around with damp cotton- 
wool. A control plant was similarly treated with only a piece of agar. In 
all cases the agar was taken off after 1 day. The boll was inoculated by 
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needle pricks. In one series, the inoculated boll was allowed to grow on the 
plant and was enclosed in a paper bag to keep a higher humidity. In an- 
other, it was picked off from the plant and kept in a moist chamber in the 
laboratory. 

The stem of the cotton plant was susceptible to artificial inoculation in 
all stages of growth. In seedlings, the lesions on the stem develop in 2 to 3 
days. On an average approximately 70 per cent of uninjured seedlings 
became infected, while wounding often increased the infection to 100 per 
cent. On the mature plant, the incubation period is 1 or 2 days longer 
than for the seedlings. Seedlings of the American cotton, Oossypium 
mrsutum L., are as susceptible as the local varieties of G. arboreum, but, 
with age, G. Mrsutum becomes more resistant. For instance, 7 out of 10 
plants of the local variety, inoculated during blossoming, were infected in 
contrast to 4 out of 15 of the American variety Trice. 

On the cotyledon and the mature leaf of cotton, the symptoms produced 
after inoculation appear to be identical with those produced by AUernaria 
macrospora isolated from a leaf spot of cotton. The initial lesion is a 
minute, circular, and dark green spot. As the spot enlarges the color 
changes to gray, with or without a dark brown margin. 

On cotton bolls of various ages, infection is at first a minute, grayish- 
brown spot. In the more advanced stage, lesions remain somewhat circular 
in outline until neighboring ones coalesce, but the color often changes to a 
purplish tinge. Under extremely humid conditions conidia develop in sutfi- 
cient quantity to give a black east to the center of the spot. 

Morphology 

The fungus sporulates scantily on natural substratum. ' On potato- 
dextrose agar, the culture is covered densely with white aerial mycelium 
occasionally with a few conidia formed underneath. On the autoclaved 
cotton stem, sporulation is considerably increased, yet is not abundant. On 
material of such source the morphological studies of this fungus are based. 

91 usually non-branched, and measure 

124 X 4-10 p. The conidia are brown, obclavate, with 3 to 13 trans- 
verse and usually 3 to 5 longitudinal septa, constricted at each septation, 

, d provided with long, hyaline, filiform, and septate beaks (Fig. 2). The 
detafied measurements of conidia of the stem-blight fungus with 3 isolates 
L tlwe” from leaf, cotyledon, and boll lesions are given 

Taxonomy 

present study, a number of isolates of Alter- 
obtained from different sources. The detailed account of their 
nparison in morphology and symptoms produced will be discussed in a 

ZTuZ' t to t- 

with sho^Jv he!rT' “a The former consists of those 

Mith shoitly beaked condia, usually forming chains of various lengths. 
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Based upon the morphology of eonidia' and cultural characteristics, this may 
be divided further into subgroups. In A. macrospora, the eonidia are 
usually provided with long, filiform beaks, rarely form chains, and, as 
Mason^ suggested, attain a length of approximately 200 |j. Moreover, their 
sporulation is usually scanty in agar culture. As no authentic material of 
A. macrospora seems to be in existence, the determination is based merely 
upon the current conception of this species as held by Mason,* Jones, ‘ and 
others. All the isolates from stem blight and boll rot of local cotton are 



Fig. 2. Conidia of an isolate of Alternaria macrospora from stem blight of cotton. 

similar in morphology and belong to the A, morcrospora gronp. Isolations 
from leaves, however, yielded both organisms. 

As summarized in table 1, the measurements of the fungus causing stem 
blight resemble closely those of isolates identified as Alternaria macrospora 
from lesions on leaf, cotyledon, and boll of cotton. Cross inoculation experi- 
ments also show that isolates from all sources do not differ in pathogenicity, 
all being able to attack stem, leaf, cotyledon, and boll. Therefore, they are 
considered to belong to the same species, Le., A. macrospora. The lack of 

3 See footnote 1. 

4 Jones, G, H. An Alternaria disease of the cotton plant. Ann. Bot. 42; 935--947. 
1928. 
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record on this species as a stem pathogen in other countries has two possible 
explanations: either the local environmental conditions in China are espe- 
cially favorable for its pathogenic expression on the cotton stem, or there 
occurs a local strain of the fungus pathogenically different from other allied 
strains that are commonly regarded as the leaf fungus. In order to clarify 
this question, it seems desirable to test the parasitism of this species on 
cotton stems in other parts of the world. 

Physiology 

The relation of temperature and H-ion concentration of the medium to 
the mycelial growth of the fungus was investigated. Quadruplicate cul- 
tures were grown on potato-dextrose agar in Petri dishes. For tempera- 
ture relations, cultures were incubated in electrically regulated chambers at 
intervals of 4°, from 16 to 40 C. The H-ion concentrations of medium were 
adjusted by the addition of NaOH and HCl after sterilization and were 
determined colorimetrically. Measurements of diameter of colonies were 
regarded as the criterion of growth rate. 



Fig. 3. Relation of temperature to the growth of two isolates of Alternaria macro- 
on potato-dextrose agar after 10 days. 

As shown in figure 3, the two isolates, one from a stem lesion and the 
other from a leaf spot of the local variety of cotton, behaved similarly 
regarding reactions to temperature. Growth occurred at temperatures be- 
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tween 16° and 36°, with the optimum at 28° C. The maximum lies some- 
where between 36 and 40° C. 

For the study of relationship of H-ion concentration, only the isolate 
from cotton stem was used. The fungus apparently grows over a wide range 
of pH. The shape of the curve is bimodal, with one mode at the acid side 
and another at the alkaline side (Pig. 4). 



'AFTEK 
10 DAYS 


'AFTER 
4 DAYS 
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sive. Tlie optimum temperature could, however, be determined as approxi- 
mately 28° C., the same as the optimum for mycelial growth. 

OVERWINTERING 

This species of Altemaria apparently overwinters chiefly on the infected 
cotton plants left in the fleld. Isolations made from old stalks known to be 
infected during the previous growing season, however, gave unsatisfactory 
results because of heavy contamination with saprophytic and fast-growing 
fungi. In October, 1938, cut pieces of infected cotton stem, wrapped in thick 
paper and wire gauze, were carried through the winter under the following 
conditions: (1) Hung on the tree in the open; (2) placed on the surface 
of the ground; (3) buried 5 inches deep in the soil. Isolations were made 
in May, 1939. The fungus was recovered in every instance from the mate- 
rials on the tree and on the surface of the ground, but not from that buried 
underground. 

The frequent occurrence of this species of Aliernaria from surface- 
sterilized cotton seeds cultured on agar plates also indicates the possibility 
of seed transmission of the disease. 

SUMMARY 

A stem blight of cotton is widespread in the cotton district of Szechuen 
Province, China. The lesion appears as a canker on stem, twig, and leaf 
petiole of the mature cotton plant. 

The pathogenicity of the causal fungus was fully established by inocula- 
tion experiments on stem, leaf, and boll of cotton. The fungus has browm, 
obclavate, muriform conidia, provided with long, hyaline, filiform beaks 
and borne singly on conidiophores. It was considered as a strain of Alier- 
naria macrospora Zimm., morphologically and pathogenically resembling 
other local strains of the same fungus causing leaf spot and boll rot of cotton. 

The fungus grew" at temperatures between 16 and 36°, A¥ith optimum at 
28° C. The range of H-ion concentration of medium for its fair growth is 
rather wide. 

Successive periods of rainfall, high humidity, and temperatures around 
28° C. are prerequisites for serious outbreak of the disease. Dry weather 
suppresses its development and results in the recuperation of plants not 
severely injured. 

The fungus may live over wdnter on dead, diseased stalks in the field and 
infect cotton the following season. 

The Szechuen Provincial Agricultural 
Improvement Institute, 

Chengtu, China. 


PHYTOPATHOLOGICAL NOTES 


The Relative SusceptiUUty of Different Lots of Oat Varieties to Smiit .^ — 
In studies on pliysiolog:ic specialization of the oat smuts at University Farm, 
St. Paul, one of the major difSeulties inherent in the work has been the vary- 
ing intensity of smut attack in successive years. In an earlier paper^ con- 
sideration was given to the effect of varying environment in modifying the 
pathogenicity of purified collections of smut, and it was suggested that en- 
vironmental factors might explain the variation. However, in 1940, field 
tests on the smut susceptibility of seed lots of the same oat variety suggested 
that plants grown from different seed lots might vary greatly in their re- 
spose to smut and that much of the variation previously thought due to dif- 
ferent environments during the infection period may, indeed, have been 
attributable to this source. 


TABLE 1 . — The amount of smut produced on different lots of Anthony oats hy collect 
tion 96 of Ustilago levis 


Year seed 


Place of seed production and percentage smutted heads 


produced 

St. Paul 

Waseca 

Crookston 

Duluth 

1935 

46 




1936 

72 


45 ! 


1938 

38 

54 

43 

42 

1939 

14 

43 

37 

22 


Eleven seed lots of Anthony oats were obtained through the courtesy of 
H. K. Wilson, Division of Agronomy and Plant Genetics, University Farm, 
St. Paul, Minnesota. These seed lots varied in that some were grown at 
University Farm in the years 1935 to 1939, while others were grown at the 
branch stations of the University of Minnesota at Waseca, Crookston, and 
Duluth. The source of seed and the year when grown are given in table 1. 

The seed was surface-sterilized in 1: lOGO mercuric chloride, washed in 
running water for 2 hours, and then dried. The seed was inoculated by 
means of the partial-vacuum method, using a ehlamydospore suspension of 
0.5 g. spores per 1,000 cc. of sterile water. Five g. of seed were planted for 
each 8-ft. row^ and each seed lot was replicated 5 times. A purified collec- 
tion of Ushlago levis, collection 96^ was used. Infection counts ■were based 
on the percentage of smutted heads. 

The results obtained indicate that there are differences in the suscepti- 
bility of plants grown from different seed lots of one variety of oats. The 
range in infection varies from a mean of 14 per cent for the University Farm 
seed lot grown in 1939 to 72 per cent for the University Farm seed lot grown 

^ Paper No. 1884 of the Scientific Journal Series, Minnesota Agr. Exp. Station. As- 
sistance in the preparation of these materials was furnished by the personnel of the Work 
m-ojects Administration, Ofacial Project No. 65-1-71-140, sponsored by the University of 
Minnesota. 1940. j j 

2Tervet Ian W. Problems in the determination of ifiiysiologic races of Ustilago 
avenae V . lems. Phytopath. 30: 900-913. 1940. 
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in 1936. Analysis of variance indieated that significant differences existed 
for the response of seed lots to smut attack. The 1939 seed lot from Duluth 
also gave rise to a low number of smutted heads, and the Waseca and Crook- 
ston 1939 seed lots were also lower than the seed lots for the previous year, 
although the differences in the two latter cases do not reach the level of 
significance. 

A full explanation for these differences in susceptibility has not yet been 
obtained. Ho^vever, it is unlikely that the variation was due to genetic dif- 
ferences in the seed lots, for the seed for each yearns crop was obtained from 
selected plots at University Farm and then distributed to the branch sta- 
tions. There is a correlation between rapidity of germination, with its corol- 
lary of a decreased time for infection, and resistance to smut. For instance, 
greenhouse tests showed that in about 80 per cent of the University Farm 
1939 seedlings the first appeared in 6 days, while the 1935 and 1938 seed 
lots were approximately 24 hours slower. The 1936 seed lot was still slower, 
requiring 8 days before most of the seedlings had produced their primary 
leaf. 

These data confirm the results of Lods and Coulson^ who stated, in 1929, 
that seedlings derived from light seed of oats were more susceptible to in- 
fection by the oat smuts than seedlings from large seed. Also, Holton and 
HeakU showed that seed lots of Marquis wheat, grown in different localities, 
gave rise to plants that varied in their reaction to bunt. Thus it appears 
that the conditions under which a crop is grown may influence the reaction 
of the succeeding crop to the seedling-inoculated smuts. 

Other tests w^ere run with seed lots of Eusota, logold, and Gopher and 
similar results obtained. Also, parallel experiments, using collection 27 of 
Vstilago avenae;' gave like results, although the amount of smut produced 
by this collection was less than with TJ. levis. — Ian W. Tervet, Division of 
Plant Pathology and Botany, University Farm, St. Paul, Minnesota. 

Ehkoctonia Roof Rot of Sweet Clover}— k. root rot of sweet clover 
caused by Bhizoctonia has been found in several widely separated districts 
of Manitoba, Canada, and in the State of Minnesota, U. S. A. Up to the 
present time, apparently, Bhizoctonia has not been reported as pathogenic 
on sweet clover. 

The fungus isolated from diseased sweet-clover roots is probably a strain 
of Bhizoctonia solani Kxihn. The mycelium is typically that of J7. solani, 
except that in young cultures it is somewhat lighter in color and produces 
an abundance of cottony aerial growth. The organism is a very rapid 
grower, covering a Petri plate at temperatures of from 25--30° C. in less 

3 Lods, E. A., and J. G. Coulson. A preliminary report on size of seed in relation to 

smut infection in oats. Twenty-first Ann. Kept. Quebec Soe. Protect. Plants (1928—1929) : 
80-85. 1929. 

4 Holton, G. S., and E. D. Heald. Studies on the control and other aspects of bunt of 

wheat. Wash. Agr. Exp. Stat. Bull. 339. 1936. 

5 See footnote 2. 

1 Contribution Ho. 658, Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa. 
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than 48 hours. At ordinary room temperature it forms brown, irregular 
sclerotia, but not until after a culture is from 2 to 3 weeks old. It is equally 
pathogenic on several varieties^ of MeMotm alba, M. offiemalis, and M. 
suaveolens, as well as on Trifolium praiense, T. hybridum, Medicaqo saliva 
P%sum sativum, Glycine max, and Vida angustifolia. It is not pathogenic’ 
lowever, on any of the cereals. On sweet clover it causes a typical damp- 
ing-ofl in seedlings, while in plants from 2 to 4 months old it attacks the 
roots, particularly near ground level, causing a dark-browm dry rot Such 
plants become stunted, their lower branches wilt and wither, and, eventually 
the whole plant may be killed. 

Judged by its virulence under experimental conditions both in the green- 
house and in the field, and by its distribution, as indicated by isolations 
rom diseased specimens obtained from various districts of Manitoba the 
isease IS evidently of considerable importance. In greenhouse experiments 
ot the last 3 years, the fungus invariably caused from 90 to 100 per cent 
damping-off in sweet-clover seedlings, and killed from 50 to 85 per cent of 
the older plants. Field results of the first 2 years of the investigation were 
inconclusive owing to the failure of the sweet-clover seed to germinate be- 
cause of drought. In the spring of 1940, however, sweet-cW seedlings 
in the inoculated rows were killed 100 per cent. Plants of the two varieties 
Common Te low md White Bloseom, inocnloted after 6 week of grotS’ 

mZI "“‘a "speotirely to; 

r”. toots show that, in the earlier stages ot 

wha^nthri"'””'?' “OO* oootmonly present is RhizoMonia, 

“Pends,” a New Disease of Grasses and Cerealsd—A disease of grasses 
and cereals has been observed in recent years in the Pacific Northwest that 
pparen y is quite unlike any heretofore described. The symptoms are 

t n““:t nS:?" •>- o«-~abo" 

w-ic upperniost I 10 C 16 a more or les^ i i ^ ’ 

occurs Vat-v u / ^ angular bend in the culm 

. “ M “tP'oMr on tte 

plants-White Som^'Er^tof Waseca"^ Whitr? seedlings and older 

Ye ow, Anra Yellow, Madrid Yeiw' Albirea iCa White, Common 

bellow, Zouave, Grundy, Ohio Evergreen Bedfleld Y?)lL,^ Minnesota 

Studies made mostly in the DemSent n# m Eedfield No. 40937. 

of p," iwestigations of the Division^^? Eori'^^®^’ University of Minnesota. 

“If « U. S. Department of AgStoe if 'of Diseases, Bureau 

vation Service, Division of Kurspripq tt cooperation with the Soil Conser- 

of Plant Pathology and Agronomy of -A-grieulture, and the Divisions 

Pullman, Washin|ton. PublXZs Iwm Experiment StS 

Agricultural Experiment Station, The State CoUegf^fwihmS^ Agriculture and 
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upper side, and is brittle. Usually the inflorescence is more or less normal, 
and even matures seed. 

The disease was first noticed in June, 1937, on Agro'pyron sibiriciim 
(Willd.) Beauv., when the writer, with D. C. Smith, was taking disease notes 
in the observational row nursery of the Soil Conservation Service at Pull- 
man, Washington. It was next found, the same season, in the Bureau of 
Plant Industry grass-smut nursery on crested wheatgrass and various 
Bromus spp., and still later, on Albit wheat. In the next 3 seasons the 
malady appeared increasingly prevalent. At the close of the 1940 growing 
season 37 species, in 16 genera, had been found affected with this peculiar 
disease, as follows: Agropyron caninum (L.) Beauv., A. oristatum (L.) 


Pig. 1. ^ ^ Bends, of Bromus tectorum (left), Agropyron sibiricum, A. cristatum, 
B. pad ficus, and Triticum aestivum. 


Gaertn., A. griffithsu Scribn. and Smith, A. merma ( Scribn. and Smith) 
Eydb., A. siUrioum (Willd.) Beauv., A. spicatum (Pursh) Scribn. and 
Smith, A. subsecundum (Link) Hitchc., A. trichophorum (Link) Richt. ; 
Andropogon hallii Haok. • Bromus hrachystachys Hornung, B. 'brizcief ormis 
Pisch. and Mey.,^ B. ciliatus Jj., B. commutatus Sohreid,, B, inermis Leyss., 
B. kalmii A. Gray, B. marginafus Nees, B. pacificus Shear, B. seoalimis L., 
B. teotorim L., R. vulgaris (Hook.) - Daciylis glomerata L. ; Distichlis 
stricta (Torr.) Eydb.; Elymus condensatus PresL, E. glaucus Buck., Era- 
grostis lugems Nees; Festuca elatior var. arundinacea^ (Sehreb.) Wimm., F, 
idahoensis Elmer, F. rubra L. ; Hordeum hrevisuhulatum (Trin.) Link; 
Hyparrhenia hirta Stapf; Koeleria cristata (L.) Pers.; Melica tor- 
reyana Scribn.; Muhleubergia racemosa (Michx.) B. S. P. ; Secale cereale 
2 Keported from Aim Arbor, Micliigan, by Jobn B. Hardison in correspondence. 
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L.xS. montanum Guss.®; Setaria lutescens (Wiegel) P. T. Hiibb.-’; S^joro- 
hohis asper (Michx.) Kunth; Triticum aestivum L. (agron. var. Albit). 

Incidence of the disease on such a wide range of hosts, and the marked 
uniformity of the symptoms produced on all these hosts lends some support 
to an hypothesis that it is of a parasitic nature. On the assumption that the 
pai-^asite would be localized in the region of the bend, surface-sterilized bent 
regions and adjacent areas from 16 species of affected grasses wei’e plated 
out on nutrient agar. Corresponding areas on apparently healthy plants 
were similarly treated. Two hundred and thirty-eight eiiltnres of such 
fungi as Alternaria, Ghaetomium, Epicocmm, Hdminfhospoyiim, Hormo- 
dendrum,^ Macrosporium, Selenophoma, and a few unidentified forms have 
been obtained. With two exceptions, nothing grew from the surface-steril- 
ized portions of healthy culms. The variety of fungi isolated from the bent 
and adjacent regions is rather disconcerting, unless it is considered that the 
same symptoms could be caused by more than one fungous parasite, or, more 
probably, that most of these represent secondary invaders. On the” other 
hand,^ none of the various fungi isolated may prove to be the cause of this 

peculiar disease. At the present time it must be admitted that the cause is 
quite unknown. 

Various names have suggested themselves as being descriptive of this 
new disease of grasses and cereals, such as “hairpin disease,” crook-neck 
or bends. The last name seems preferable because there is always more 
or less of a bend, but this is not always sufficient to resemble a hairpin or 
crook-neck, or the bend may be in excess of anything described bv the last 

names mentioned. These variations are shown in figure 1. 

Although many species of grasses have been found affected with “bends ” 
It has not yet appeared sufficiently prevalent to be of economic importance 
he disease does, however, challenge investigation— at least for purelv sci- 
entific reasons.— George W. Fischer, Division of Forage Crops and Dis- 

3 Cross by D. C. Smith, Bureau of Plant Industry. 
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Transeau, E. N., H. G. Sampson, and L. H. Tiffany. Texfboolc of Botany. 812 |)p., 
424 fig. and 4 color plates. Harper and Bros, publishers. New York and 
London, 1940. $4.00. 

This is indeed a 7iew textbook of botany. As the domination of mycology in phyto- 
pathological textbooks has been replaced by a much broader treatment of the science of 
plant diseases, so have the authors of this new text removed the last vestiges of phylo- 
genetic or anatomical domination from the beginner’s text in botany. In this new work 
the various artificial branches of plant science are presented in proper perspective. The 
complex interrelations of plants with the other elements of their environment are clearly 
presented. Most gratifying of all, the importance of the various aspects of plant life to 
man are constantly stressed in unique and effective ways. The book should bring about 
not only a stimulation in interest concerning plants but will undoubtedly serve as an 
important factor in developing a ^ ‘ conservation consciousness ’ ’ on the part of present day 
students. The teacher of elementary botany usually presents his subject from both the 
cultural and technical viewpoints. Needs of botanical specialists must be supplied without 
confusing the general student with too many technical details. The present work admi- 
rably supplies the needs. The authors intend the book to be used as a supplement to what 
is observed and discussed in the laboratory, field, and classroom. The many excellent 
diagrams, drawings, and photographs (including color plates) are well chosen and add 
much to the general clarity and utility of the book. Selected references are appended at 
the end of each chapter as a guide to students who wash to go further into the subjects 
discussed. The organization of material is such that the instructor can assign the various 
chapters in varying sequences based on local conditions. 

There are 53 chax)ters. The first 6 chapters deal with aspects of plants more or less 
familiar to everyone, such as the general parts of plants, seasonal aspects of plants, local 
plant communities, points of view in the interpretation of plant behavior, etc. In these 
first chapters the student is led in a logical and fascinating way to the* more fundamental 
aspects of plant life, which follow. Chapter 7 deals with cells as biological units, and 
chapter 8 with the tissue system of leaves. With the information of these two chapters 
as a background, the student can then appreciate ensuing chapters on ‘ ‘ environment and 
leaf development,” ^Miereditary differences in leaves,” food chemistry of plants (5 chap- 
ters) and the uses of food in plants (3 chapters dealing with respiration, development, and 
substances made from foods). Chapters 20 to 25 deal with biological relations of green 
plants, interrelations of the parts of a plant, processes involved in the entrance and move- 
ment of materials within the plant, transpiration and its effects upon plant development 
and distribution. Three chapters are devoted to forms and processes in stems, two on 
roots, and four on the floral reproduction in plants including growth, dormancy, and ger- 
mination of seeds. Chapter 35 deals with the vegetative multiplication of flowering plants. 
Some of the other subjects dealt with in later chapters are heredity and associated phe- 
nomena, underwater environments of plants, plants of the past, and the vegetation of 
North America. Ample coverage is given the bacteria, fungi, algae, bryophytes, pteri- 
dophytes, and seed plants. Chapter 45, which deals with phytopathology, is remarkably 
comprehensive and cannot fail to give an appreciation of this important branch of plant 
science. 

While the text is open to negative criticism in minor points, these do not appreciably 
detract from its usefulness. The reviewer found the book interesting reading. In his 
opinion it cannot fail to serve as a potent catalyst in the development of a new generation 
of well-trained and enthusiastic scientists. Eurthermore, general students who are guided 
in their study of plants by this text will have a keener appreciation of life. — ’Mark W. 
Woods, Division of Plant Pathology, Department of Botany, University of Maryland, 
College Park, Maryland. 




CHEMICAL INACTIVATION AND THE REACTIVATION 
OP A PLANT VIRUS 

JamesJohnson 
(Accepted for publication December 9, 1940) 

There is imieh uncertainty as to the nature of the change associated with 
the loss of infectivity of viruses that results from various experimental treat- 
ments to which they may be subjected. Loss of infectivity may be an indica- 
tion of the death of the virus or it may be only a temporary loss of activity 
(inactivation), which, under proper treatment, may be regained (reactiva- 
tion). In some plant-virus studies, the theory has also been proposed and 
accepted that certain chemicals or substances, e.g., trypsin, may render the 
host plant less susceptible to or even temporarily immune from virus infec- 
tion, and that the loss of virus infectivity on contact with such substances 
is not to be interpreted as a direct effect upon the virus. In other instances, 
the problem may be complicated by specific host responses that may be 
induced by the virus itself and may be regarded as modified host suscepti- 
bility or as the action of specific anti-bodies on the virus. The latter subject 
is beyond the scope of the present study, although its results may have some 
bearing on interpretations in the immunological field of research. 

The ability of a virus to become reactivated when the inactivating or 
inhibiting agent or factor is wholly or partly removed appears to be the 
most satisfactory clue to the nature of the response of the virus to deleterious 
agents. Eeactivation of inactivated plant and animal viruses and of bac- 
teriophages (11) has been accomplished previously in several instances with 
certain substances, but relatively little is known about this response of 
viruses to a variety of chemicals. The results here presented were derived 
from tests with a number of chemical substances on a single virus. They 
appear to justify some further interpretation of the response of viruses to 
lethal as contrasted with inactivating agents, and of virus reactivation as 
compared to host inhibition of virus infectivity. 

Some conclusions representing a part of this investigation have been pub- 
lished earlier as abstracts (8, 9). 

REVIEW OP LITERATURE 

Much of the earlier literature on the influence of chemicals on viruses 
does not bear directly on the present problem. It may suffice to say that 
the relatively high tolerance of the virus of ordinary tobacco mosaic (tobacco 
virus 1) to such antiseptics as mercuric chloride, copper sulphate. Formalin, 
etc., at concentrations that are highly deleterious to microorganisms as 
well as to higher forms of life has long been known. On the other hand, this 
virus is readily inactivated by normally inocuous substances, such as plant or 
animal charcoal and the juices of Phytolacca, This inactivation has been 
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attributed to virus adsorption by the materials in question. However, the 
behavior of tobacco virus 1 is not characteristic of plant viruses in general, 

and most plant viruses are far less tolerant to the typical deleterious chemi- 
cals (1). 

Stanley’s chemical studies on the virus of tobacco mosaic are of par- 
ticular interest in relation to the more recent trends of study. His first 
paper (13) dealt with the effects of trypsin because of its alreadv known 
inactivating power and the possible relation of proteolytic enzymes to the 
protem nature of viruses. He found, however, that the action of trypsin 
on the virus was immediate and, therefore, the loss of infectivity could not 
be regarded as of an enzymic nature. He concluded from differential-host 
behavior and dilution tests that the effect of trypsin in causing a loss in 
virus infectivity is due chiefly to its action on the host plant. In a later 
paper (15) Stanley reported the effects of 110 chemicals on virus infectivity 
finding many had no effect, others increased infectivity, and still others 
caused a marked decrease in infectivity. In this paper he again empha- 
sized the necessity of distinguishing the action of the chemical on the virus 
rom Its effect on the host. He classified the chemicals that have a direct 
inactivating action on the virus as protein-precipitating agents, oxidizin- 
agents, and agents causing a hydrogen-ion concentration known to inactivate 

Stanley discusses the rates of inactivation 
at different hydrogen-ion concentrations. With the method used the rate 
of inactivation was found to be negligible between pH 3 and pH 8 faMv 
r^id between pH 1.5 and 2.5 and pH 9 and 10, and very rapid between 
pH O.o and 1.5 and pH 11.0 and 12.0. Thornberry (16) and others have 
demonstrated a similar relationship. 

The data and the conclusions presented by Stanley in these papers suo'- 
gested the need of further investigations, particularly with regard to the 

planTto iieetior'' Tb susceptibility or predisposition of the host 

plant to infection. The interpretation of a host response to chemicals has 

• , -f. . Chester s (3) work and more recently by Black’s 

p per on inhibition of virus activity by insect juices. Went (18) working’ 
m our laboratory, first undertook to differentiate between the inLence of 
h m,eals on the virus and on the host, using copper sulphate aiS me^urif 

Ittrftutable to inhibitory action of these chemicals was 

ttributable to the inactivation of the virus itself, that subsequent reactiva 

0 .. ae ‘ ‘ft action of fonnaldehyde it 

uu me virus itseit. Other writers also have disaareed wHL q+o,o 1 » 
elusions with respect to trypsin disagreed with Stanley ’s con- 
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wherein the chemical identity of the inhibiting agent wavS niiknown, as with 
Phytolacca 

EXPERIMENTAL METHOD 

Various techniques may be used in studying the basic questions involved 
in the reaction of viruses to chemical agents. The problem differs in one 
important respect from that of purely chemical investigations, in that the 
measure of the reaction is the survival of an often extremely sensitive living 
substance of ultramieroscopic size. The results therefore do not lend them- 
selves readily to interpretation on the basis of previously known facts. 

The concentration of the chemical used and the time of exposure of the 
virus to the chemical are the first factors to be taken into account. These 
may be modified to suit the purposes of the investigation, but, in general, 
it is only when one or both of these factors are reduced to the minimum that 
will cause loss of infectivity of the virus that significant evidence of virus 
behavior may be secured. Sometimes the immediate inactivation of virus 
by a substance such as trypsin may be of special interest, or the prolonged 
survival of virus in concentrated solutions such as toluene may be of par- 
ticular significance, but generally it is the gradual loss of infectivity that 
permits the most satisfactory interpretations of the results. 

The chief special technique involved in the investigations here reported 
is the removal of part, or all of the chemical from the virus-chemical mixture 
after the desired exposure, or, if this removal is not complete, the introduc- 
tion of controls that will compensate for the residue of chemical so as to 
afford reasonable comparison. The removal of the chemical from the mix- 
ture has been accomplished or attempted by others in a variety of ways, as 
by heat, dilution, digestion by enzymes, dialysis, precipitation, pH adjust- 
ment, ultra-filtration and ultra-centrifugation. All methods have certain 
limitations, especially when chemical substances of uncertain behavior and 
properties are involved or when the virus is very sensitive to momentary 
contact with the chemical. 

The data here presented are based largely on what may be called the 
agar-diffusion method. This method depends upon the different rates of 
diffusion of the virus and of chemical substances in small agar discs into 
which tobacco virus 1 is incorporated. The agar discs are immersed in the 
chemical to be tested, and, after the desired exposure, the discs may or may 
not be extracted with distilled water, as desired. The virus diffuses only 
very slowly out of these discs, and the chemicals diffuse at widely different 
rates of speed both into and out of the discs. Consequently, different 
periods of exposure to the chemical substances and to extraction with water 
are necessary. 

The agar-diffusion method possesses many advantages, being, first of all, 
very simple and easily carried out without special equipment. The discs 
may be made up to carry approximately any desired number of virus par- 
ticles, with a view to ease of counting and statistical treatment of local-lesion 
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data. Large numbers of the discs may be made up at one time and compara- 
tive uniformity in the number of particles in the discs over months of time 
may be insured by preserving the discs in full-strength toluene. The discs 
are easily prepared for inoculation by squeezing them through the same 
small squares of cheesecloth used for the inoculation, with further macera- 
tion on the cloth-pad if desired. 

The discs may be made by preparing a 3 per cent solution of agar in 
water with a concentration of virus that is estimated to yield the desired 
number of virus particles to each disc. Particle numbers ranging from 200 
to 800 per disc may be desired for different purposes, but, where actual 
lesion counts are to be made, it is advantageous to hold the virus particle 
numbers to around 400 per disc. For this purpose, a 1: 20 dilution of a 
clear filtered or decanted virus extract may be approximately correct. Using 


Pig. 1. Agar discs containing ttie virils of ordinary tobacco mosaic as used in tbe 
studies on virus inactivation and reactivation. A. A poured plate of agar from wMeb 
the discs have been cut and removed. B. The agar discs as prepared for immersion in 
the chemical to be tested. 

small flasks, 25 cc. portions of hot agar are prepared with a large warm 
pipette, and 5 ec. of the virus extract is added to the agar, after which the 
mixture is rotated gently so as not to introduce air bubbles. The mixture is 
then poured into Petri dishes resting on a level table. As many poured 
plates as desired may, of course, be prepared at one time. It is important 
to have the agar sufficiently hot (about 80^ C.) to obviate any solidification 
on addition of the virus solution, which, in the case of tobacco virus 1 also, 
may be warmed in a water bath to 50° C. without harm before it is added 
to the agar. 

When the agar in the Petri dishes has solidified, they may be transferred 
to a refrigerator for a few days, if desired, before using. The discs should 
be cut when the agar is cold (about 10—15° C.) with a sharp cork-borer 
approximately 1.5 cm. in diameter (Fig. 1), A 9 cm. Petri dish will yield 
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about 17 discs of this size. They may be removed easily and without injury 
with a spatula. If the discs are not to be used for several days, they should 
be transferred to a stoppered flask of concentrated toluene, from which they 
can be taken as desired. It is advisable to cover the discs with water for 2 
to 12 hours before use in order to remove most of the retained toluene, which 
rises to the surface of the water. The removal of the toluene is only for the 
purpose of avoiding any possible effect it may have on the chemical added, 
since it does not affect the virus. Apparently no virus diffuses from the 
discs into concentrated toluene, and the toluene also prevents any loss of 
virus through microbial decomposition. After several weeks, enough water 
may be extracted from the discs by the toluene to cause shrinkage of the 
agar, but this may be remedied by covering the discs with water for a few 
hours before using them. Water removes some virus from the discs, but this 
loss is usually relatively small and is normally equalized in the tests by the 
comparative treatment of control discs. 

The discs may be dropped into large-size test tubes (about 2.0 cm. in 
diameter) containing 5 cc. or more of the chemical substances to be tested, 
at any desired concentration, with discs in distilled water in other tubes for 
controls. Following the desired time of exposure, the inoculations to the 
host may be made without or following extractions. The extraction may be 
performed by several changes of distilled water over a period at least equal 
to the time of treatment but as much longer as may be found necessary. In 
our experiments we have generally made extractions with changes of water 
in a gently oscillating two-arm culture tube, a method that speeds up to 
some degree the rate of extraction. This apparatus is illustrated in an 
earlier paper from this laboratory (7, p. 1017). Extraction with running 
tap water is not satisfactory because the impurities of the water may intro- 
duce or form foreign compounds. Inoculations are conveniently made by 
placing 5 cc. of water in an evaporating dish in which is placed a square of 
cheesecloth approximately 3 inches wide. The treated disc is dropped onto 
the cheesecloth, squeezed through it with the hand, macerated, and mixed 
further with the water in the dish, and then wiped over the surface of a 
host yielding local lesions with tobacco virus 1. The hybrid Nicotiana 
tabacicm xN. glutinosa was used in our tests; 6 of the oldest leaves on each 
plant were inoculated with each disc. Local lesions usually are produced 
in 3 days, and the 3 leaves showing the largest number of lesions are selected 
for counting. Where the number of lesions exceeded 200 and the results 
were widely different, the numbers were often estimated. Most of the tests 
were run in duplicate, and, where favorable host-plants were used, the 
results were commonly very consistent. 

It became evident in certain trials, either because of the color of the disc 
or the non-infectivity of the virus, that the chemical used was incompletely 
removable from the treated discs by extraction with water. The results in 
such instances may usually be counter-balanced, in part at least, by employ- 
ing control virus-free discs, treated identically, except that an amount of 


684 


Phytopathology 


[VoL. 31 


virus appoximately equal to that in the virus discs is not added until just 
prior to inoculation. The virus-free discs are prepared in the same manner 
as the virus discs, except that water is used to replace virus extract. The 
chemicals are allowed to diffuse into the virus-free discs in the same way as 
into the others, and, when the virus is added subsequently, the immed'iate 
effect of the amount of chemical present may he measured. Such tests with 
chemical treatment of the discs both after and before the virus is added 
together with comparable discs from which the chemical has been wholly or 
part y extracted with water, permit differentiations that have a bearin<v on 
the nature of the effect of the chemical on virus infectivity. The modkd 
virus-free agar-dise method was, therefore, extensively used with the purpose 
of distinguishing between chemical inactivation of the virus itself and direct 

influence Of the chemical on the host, which might be interpreted as reduced 
susceptibility to infection. ^euucea 

experimental results 

concentration and time of 
posure may influence the results,- for instance, the possible reactions 
between agar and chemical and rate of diffusion of virus and chem3 

IS known about the influence of the low concentra 
tions of the chemicals used on the relatively inert agar. PresentTf orm!' 
ton IS based on the physical condition and color of the agar after treatment 

mmigimate at some ‘**'’*’ Potassium per- 

n^anate, at some of the higher concentrations, destroyed the uer-mai 

consistency o the agar discs, aad a pH below 2.o’ sofS Im to sTm 

SmTe^rrrr“B“ 

referred to is tharof pl / z exception 

leu to IS mat ot Phytolacca extract. It is likely that thi« cTtLcL 

mtemsting suhstatice by the agar-diTsil 

been oTm in the°preSt'b!t«tr t° t tian has 
from the agar ie S3r f n°“ 

into virns-free discs C!:^SnrdS ™ 

tions and different ^ t different virus concentra- 

Of '?:? ““ 

molecule by comparing it with known i ^ 

stances as are obtainable by the nr. struetares and other sub- 

forces such as that involved in ultra cmT^'f relatively great external 

onr preliminary trials 

y trials that the virus moves out of the discs relatively rapidly 
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tlie first day but gradually diininisbes in rate and amount and may not be 
entirely removed with daily changes of distilled water, even after 20 days. 
The virus enters the agar from a virus extract relatively slowly the first 
day but the amount appears to increase steadily and would perhaps continue 
until an equilibrium of virus concentration is attained between the virus 
extract and the agar, a process that would perhaps require 20 days or more. 
In any case, the diffusion of most chemicals both into and out of the agar 
discs occurs at a relatively rapid rate, as may for example readily be 
observed when pure chemicals with natural color, e.g., copper sulphate, are 
used. With the more complex substances, such as trypsin, the rate of diffu- 
sion may be very slow and in some instances, as with milk, it is, of course, 
not certain which particular component is the active agent on the virus. 

The results from the agar-disc method of virus treatment may be illus- 
trated by the data secured over a wide range of hydrogen-ion concentrations 

TABLE 1. — A representative list of chemical substances showing a range of hydrogen- 
ion concentrations used to treat agar discs containing tobacco virus 1, and illustrating the 
relation of pB. and other factors to infectivity of the virus 






Lesions on 3 leaves from discs 

pH 

Chemical substance 

Concen- 

tration 

Time treated 

In chemicals 

Controls in 
water 




Ex- Ex- 

posed tracted 

Not ex- Ex- 
tracted tracted 

Not ex- Ex- 
tracted tracted 


Nitric acid 


Hydrochloric acid 

i { 

Oxalic acid 


Bromine water 
Citric acid 


Picric acid 


Perric chloride 

Lactic acid 

Acetic acid 


Tannic acid 

Mercuric acetate 

Copper sulphate 

Phenol 

Safranin 

Fhytolacca extract ... 

Serum (horse) 

Aluminum hydroxide 
Lithium carbonate ... 

a 

Trisodium phosphate 
( ( 

Potassium hydroxide 


Per cent Hours Hours 

1.0 24 24 

1.0 6 18 

0.5 6 18 

0.5 2 22 

1.0 6 18 

0.5 2 22 

2.0 2 22 

1.0 6 18 

0.1 2 22 

10.0 24 24 

10.0 6 18 

0.5 2 22 

0.2 2 22 

1.0 2 22 

5.0 24 24 

6.0 24 24 

3.0 6 18 

5,0 2 22 

0.2 2 22 

3.0 6 18 

5.0 6 18 

0.05 6 18 

1.0 48 24 

1.0 48 48 

(sat. sol.) I 6 18 

0.5 ; 2’ 22 

1.0 6 24 

0.1 2 22 

0.25 2 22 

0.075 2 22 

0.05 6 18 

0.1 6 18 



I 
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(determined by the glass electrode method), using different chemical sub- 
stances (Table 1). The results, in general, agree with those of Stanley (14) 
and Thornberry (16) with respect to inactivation at the extremes of pH. 
Partial reactivation of inactivated virus at pH concentrations as low as 1.4 
occurred, but none was obtained from virus inactivated at a pH above 11.0. 
Prom the results in table 1, however, it appears clear that the acids, bases, 
and salts give quite different responses at the critical extremes of hydrogen- 
ion concentration. Oxalic, citric, lactic, and acetic acids, for example, at 
similar inactivating pH concentrations, permit reactivation more readily 
than does nitric or hydrochloric acid. The strong inactivating action of 
bromine and of picric acid cannot be ascribed entirely to their relatively low 
hydrogen-ion concentrations; and the strong inactivating power of other 
substances shown in table 1 at hydrogen-ion concentrations between pH 3.0 
and pH 10.0 must be explained on some such basis as oxidation, precipita- 
tion, or toxicity. The results with different chemicals taken altogether sug- 
gest that other factors than pH are also concerned with inactivation at the 
extremes of hydrogen-ion concentration used. 


OF THE VIRUS 

Evidence of the reactivation of inactivated tobacco-mosaic virus (tobaeco- 
mosaic virus 1) has been accumulating through the work of Stanley (13) 
es er ( ), Thornberry (17) and others, although it has retained a distinct 
element of uncertainty because of the belief that the host is in some way eon- 

that the effect of copper sulphate and mercuric chloride was on the virus 
ather than on the host and that inactivated virus could be reactivated bv 

ver, as to the relative frequency of these phenomena and the merits of the 
two interpretations, namely, that of the inactivation of the virus itself as 

“Polity by the chehticalteat 

A list of the chemical substances tested in the present experiments usinn 
the agar-disc method is given in table 2, along with a single LicarrespoTse 
of the virus to each treatment. In the specific chemical cone^eLrations and 
exposures shown it may be noted by comparing the ‘‘non-extrctfd“ 

Sle ^ a«.t date m sufficient amounts to inactivate a consid- 

^SleW til lf ' 1 ““ a-™ «temicals ,e,e 

peroxide, iodine in potassium iodide, P%Mo”L''Stact'”^Ma 
manganate, safranin, trisodium phosphate, and potassium hydroiide””Ttee 

tp-XhiTLSs zrSatir- ? 

tt rs possible that fltey do not all belong Mth tte Srtia'wm^ 
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TABLE 2 . — A list of chemical suhstances used to treat agar discs containing tohacco 
virus 1 with a typical example of the results secured at a single specific concentration, pE, 
time of exposure, and extraction with distilled water 







Lesions on 3 leaves from discs 

Chemical substance 

Concen- 

tration 

pH 

Tune treated 

In chemical 

Control in 
water 




Ex- 

Ex- 

Not ex- 

Ex- ] 

t^ot ex- 

Ex- 




posed 

tracted 

tracted • 

tracted i 

tracted 1 

:racted 


Per cent 


Pours 

Pours 

Num^ 

her 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Acetic acid 

Aerobacter growth 

3.0 

2.6 

6 

18 

5 

264 

253 

222 

product 

100.0 

6.2 

48 

48 

23 

236 

130 

296 

Alcohol 

95.0 


6 

12 

178 

350 

783 

800 

Aluminum chloride ... 

1.0 

3.5 

24 

24 

1 

14 

202 

187 

Aluminum hydroxide 

(sat. sol.) 

9.7 

6 

18 

650 

650 

750 

800 

Ammonium sulphate ... 
Aspergillus growth 

25.0 

4.6 

6 

18 

81 

675 

550 

550 

product 

100.0 

7.9 

48 

48 

44 

160 

130 

296 

Blood serum (horse) 
Bromine (saturated in 

100.0 

8.5 

48 

48 

0 

176 

130 

296 

water) 

Citric acid 

0.1 

1.7 

2 

22 

0 

0 

750 

800 

10.0 

1.8 

6 

18 

178 

650 

750 

825 

Citrus fruit grape- 









fruit 

100.0 

3.3 

24 

24 

600 

800 

700 

700 

Citrus fruit lemon 

100.0 

2.3 

24 

24 

226 

800 

700 

700 

Citrus fruit orange 

100.0 

3.4 

24 

24 

600 

800 

700 

700 

Copper sulphate 

3.0 

4.5 

24 

24 

5 

418 

800 

550 

Dextrose 

Egg albumen 

10.0 


4 

16 

167 

216 

241 

350 

350 

(comm.) ' 

10.0 


4 

16 

135 

187 

241 

Ferric chloride 

Formalin (commer- 

1.0 

2.0 

2 

22 

1 

19 

1 68 

750 

550 

800 

400 

cial) 

10.0 

5.2 

6 

i 18 

14 

Hydrochloric acid 

1.0 

1.5 

2 

22 

3 1 

53 

750 

825 

Hydrogen peroxide 

3.0 

2.7 

24 

24 

28 

49 

750 

800 

Iodine and KI 

1.0 

3.7 

6 

18 

250 

42 

750 

800 

Lactic acid 

5.0 

2.1 

24 

24 

5 

182 

650 

550 

Lead acetate 

5.0 

6.7 

24 

24 

0 

73 

450 

475 

Lithium carbonate 

0.5 

10.8 

2 

22 

16 

46 

700 

600 

Mannite 

5.0 


4 

16 

193 

200 

241 

350 

Mercuric acetate 

0.2 

4.0 

2 

22 

0 

0 

245 

124 

Mercuric chloride 

2.0 

6.8 

6 

18 

1 

204 

550 

400 

Milk 

100.0 

6.7 

48 

48 

33 

173 

130 

296 

Nitric acid 

0.5 

1.4 

6 

18 

1 

20 

750 

825 

Onion bulb extract 

100.0 


24 

24 

312 

400 

700 

700 

Oxalic acid 

1.0 

1.8 

6 

18 

53 

113 

750 

800 

Phenol 

5.0 

5.3 

6 

18 

1 

0 

253 

222 

Phytolacca leaf 






0 

202 

236 

extract 

1.0 

7.2 

48 

24 

1 

Picric acid 

0.2 

2.2 

2 

22 

101 

151 

750 

800 

Potassium dichromate 

2.0 

4.3 

24 

24 

.4 

210 

650 

550 

Potassium hydroxide 

0.5 

11.5 

6 

18 

26 

16 

550 

400 

Potassium permanga- 
nate 

0.05 

7.5 

4 

4 

3 

7 

162 

193 

Safranin 

0.05 

6.6 

6 

18 

550 

35 

750 

800 

Silver nitrate 

3.0 

5.5 

6 

18 

2 

38 

253 

222 

Stannous chloride 

0.5 


4 

4 

41 

51 

400 

436 

Tannic acid 

5.0 

3.2 

2 

22 

0 

31 

245 

124 

T ak a cl 1 a stfisp. 

5.0 


4 

16 

24 

400 

241 

350 

Trisodium phosphate 

0.1 

11.3 

2 

22 

61 

79 

193 

166 

Tomato fruit extract 

100.0 


24 

24 

500 

400 

700 

700 

Trypsin 

2.0 

5.8 

48 

48 

56 

172 

349 

368 

TTrpifl. 

40.0 


48 

48 

51 

500 

455 

550 

Zinc sulphate 

2.0 

5.8 

6 

18 

425 

200 

550 

550 




I 
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permit reactivation. Twenty-eight out of 41 of the chemicals or substances 
tested which inactivated the virus also permitted complete or partial react! 
vation following extraction with water. Those that permitted reactivation 
included nitric, hydrochloric, and six organic acids, 10 inorganic salts and 
alcohol and formalin ; several of these are normally toxic, while 9 are not 
known to have toxic, oxidizing, or protein-precipitating elfects, nor do thev 
have an unfavorable hydrogen-ion concentration. 

The reactivation of a virus following chemical inactivation at the proper 
concentration and time of exposure is, therefore, a relatively common phe- 
nomenon. It IS ako believed to be a highly significant one as regards the 
natoe of the reaction between the virus and the chemical agent or substance 
Perhaps It may be said from the data thus far secured that where the effect 
of the chemical IS to oxidize the virus, reactivation is not possible. On the 
basis of this postulate, however, we must exclude potassium-dichromate from 
this category at the strengths and in the manner used in our experiments 
although It IS said by Stanley (15) to act as a virus-oxidizing agent On the 
other hand, safranin, classified by Stanley as a protein-preci taiit hi in 
our reactivation tests behaved more like the oxidizing agLS. ’ 

t e mineral salts at the concentrations nsed are to be regarded only as 
virus precipitants, the results shown in table 2 are not easilyTterpreted 
seems necessary to include here a “toxicity” factor that may not yet be 

_ om the bacteria up to the higher organisms, because of the great variability 
m susceptibility of species, and often of individuals, to such subs^ 
Chemicals normally highly toxic to lower organisms usually will not permit 
reactivation when used at.an effective concentration on the ^u^ “e 
other hand, chemicals regarded as efficient virus or protein-precipitants such 
as ammonium sulphate, alcohol, and lead acetate, are not highly Sive as 

be eoneidered ia L TTetT V.!,*”"' 

consider the effects of trvnsin ar,,! it seems logical to 

eea™, «a beloa^ LZ; ZZ ^ “ 

the action of trypsin and ortai-Lw Go), however, accounts for 

chemical categories to which he not conform to the three 

of the host plant rlderine it le^ ' due to a modification 

by the virurl -- --nne, to infection 

tions permitting reactivation may be reaarLTarean^br'‘'f " concentra- 

susceptibility, and this mterpretation\as essenSt b “ 

several Other investigators. essentially been accepted by 
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IMMEDIATE INACTIVATION OF THE VIRUS 

Although it may require one or two minutes to mix a virus with the 
chemical to he tested and to inoculate the plant with this mixture, or a dilu- 
tion of it, the results from such treatments are considered as “immediate” 
effects, even though the opportunity for continued influence of the chemical 
remains for a considerable additional period on the leaf surface after the 
inoculation is made, unless it is washed off. However, since the virus infec- 
tion normally takes place almost immediately upon inoculation, or not at all, 
it appears logical to differentiate “immediate” inhibition or inactivation 
of a virus from inhibition or inactivation requiring a definitely longer period 
of time. Many toxic chemicals that inactivate the virus slowly at low con- 
centrations may permanently inactivate or kill the virus immediately at 
higher concentrations. As may be expected, chemical concentrations that 
inactivate the virus slowly have little or no immediate effect on the virus 
(Table 3). 


TABLE 3 . — The effect of certain chemicals added directly to tobacco virus 1 when 
the mixture is inoculated immediately to the host plant. Representative concentrations 
show that such chemicals are not all ^ ‘ immediate ’ ’ inactivators 



Concen- 

tration 


Lesions on 3 leaves with 

Chemical 

pH 

Treated 

virus 

Nontreated 

control 

Acetic acid 

Per cent 

4.0 

2.5 

Number 

75 

Number 

500 

Aluminum chloride 

1.0 

4.4 

100 

150 

Bromine water 

, 0.1 

1.8 

0 

500 

Copper sulphate 

6.0 

5.7 

0 

400 

Ferric chloride i 

; 1-0 

2.0 

42 

500 

Formaldehyde 

2.0 

7.4 

1 

300 

Hydrochloric acid 

0.5 

1.5 

300 

400 

Hydrogen peroxide 

3.0 

2.7 

15 

400 

Iodine and KI 

1.0 

3.7 

20 

400 

Lead acetate 

5.0 

6.7 

14 

600 

Lithium carbonate 

0.5 

10.8 

600 

600 

Mercuric acetate 

0,5 

3.6 

30 

600 

Mercuric chloride 

2.0 

6.8 

0 

400 

Oxalic acid 

2.0 

1.5 

4 

500 

Picric acid 

0.5 

1.9 

76 

600 

Potassium dichromate 

1.0 

4.5 

100 

150 

Potassium hydroxide 

0.1 

11.9 

300 

400 

Potassium permanganate 

1.0 


8 

161 

Safranin 

0.1 

7.7 

20 

400 

Silver nitrate 

3.0 

5.5 

50 

150 


Of special interest in the present connection is the gronp of substances 
that are neither toxic, protein-precipitating, nor oxidizing agents; nor are 
they substances having extremes of pH that cause virus inactivation, even 
though they may induce complete loss of infectivity when mixed with the 
virus. Charcoal and Phytolacca juice were early examples of this group. 
More recently the behavior of trypsin and many other substances has stimu- 
lated new interest in this kind of virus inhibition. In studying the influence 
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of microorganisms on tobacco virus 1 the writer found that the growth- 
produets of Aerohacter aerogenes and Aspergillus niger yfere highly and 
immediately inhibitory to plant viruses (8) as contrasted to growth products 
from several other organisms. Common substances of animal origin, such 
as milk, blood or blood serum, and aphid extract are highly and immediately 
inhibitory to the virus (Table 4) and behave essentially as do the growth 


TABLE ^.—Comparing the inhibitory effect of a number of organic substances when 
added directly to tobacco virus 1 and inoculated at once to the host plant 


Substance tested 

pH 

Ooncen- 

tration 

Lesions on 3 leaves 

Treated 

virus 

Nontreated 

control 



Per cent 

Number 

Number 

Aerohacter growtli product 

6.2 

100 

1 ^ 

550 

Aspergillus growth product ............... 

7.9 

100 

1 

200 

Blood serum (horse) 

• 8.5 

100 

0 

500 

Egg albumen (comm.) 


10 

8 

161 

Grapefruit 





Insect (aphid) extract 



0 

161 

Lemon fruit extract 

2.3 

100 

28 

465 

Milk (cow’s) 

6.7 

100 

0 

900 

Onion bulb extract 


100 

500 

465 

Orange fruit extract 

3.4 

100 

34 

465 

Phytolacca extract 

7.2 

10 

0 

600 

Tomato fruit extract 


100 

167 

465 

Trypsin 

5.8 

2 

16 

600 

Urea .; 


20 

350 

400 


products of Aerohacter. Other substances tested were onion-bulb extract, 
which was not inhibitory; tomato fruit extract, mildly inhibitory; and lemon 
juice, markedly inhibitory. The inhibitory potency of these substances 
may be shown by the fact that when the virus of ordinary tobacco mosaic 
or certain other plant viruses in concentrated form are treated with an equal 
volume of 2 per cent trypsin solution, or with milk, blood serum, or the 
growth-products of Aerohacter or Aspergillus, there ensues an immediate 
and generally complete inhibition of inf activity . Similarly, dilutions up to 
1 : 1000 of some of these substances, such as Phytolacca extract, retain much 
of the inhibiting action (Table 5). Stanley’s host-modification theory of 


TABLE 5. — Illustrating effect of dilution upon the inhibiting effect of certain sub- 
stances when added directly to tobacco virus 1 


Dilution 
of ; 

inhibitor 

Lesions on 3 leaves 

Phytolacca 

(extract) 

Milk 

(cow's) 

Aerohacter 

(product) 

Aspergillus 

(product) 

Serum 

(horse) 

Trypsin 

0 

1 : 10 

Number \ 
0 ■ 

0 

0 

4 

221 

200 

Number 

Q 

“ 1 

48 

240 

Number 

1 

2 

53 

84 

176 

Num^ber 

1 ' 
7; 

31 

212 

Number 

0 

5 1 

70 

500 

600 

500 

Number 

' 0 

20 

128 

186 

1 ; 100 

1: 1,000 

1: 10,000 

Water control 
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the inhibitory action of trypsin is based chiefly on the difference in reaction 
of the two host species used in the tests and on results from the addition of 
small amounts of trypsin to various dilutions of the virus, a treatment that 
caused a fairly constant decrease in the number of consequent lesions. The 
former result may be attributable also to natural differences in predisposi- 
tion to infection, and the latter to adsorption phenomena leading to inactiva- 
tion. 

After attempting other methods of securing evidence on direct virus 
inactivation, as contrasted to host-modification, it was concluded that the 
^‘modified'’ agar-disc method, described in the foregoing, was quite as satis- 
factory as any now available. The results may be best illustrated by its 
application to the simpler chemical compounds, (Table 6). Each of the 

TABLE 6.— —The inhibitory effect on tobacco virus 1 of comparable amounts of chem- 
icals diffusing into agar discsj containing the virus before treatment, as contrasted to 
virus added to comparable discs after treatment. {Exposure 6 or 24 hours. Extraction 
18 or 24 hours) 


Chemical 

eoncentration 


Acetic acid 
3 per cent 


Aluminum chloride 
1 per cent 

Copper sulphate 
3 per cent 

Formalin 
10 per cent 

Lithium carbonate 
1 per cent 

Nitric acid 
0.5 per cent 

Phenol 
5 per cent 


Potassium hydroxide 
0.1 per cent 

Potassium hydroxide 
0.05 per cent 

Potassium permanga- 
nate .015 per cent 


pH 

Virus 
added 
before 
or after 
exposure 

10 

chemical 

2.6 

Before 

After 

Before 

After 

3.5 

Before 

After 

Before 

After 

■ 4.5 

Before 

After 

5.2 

Before 

After 

11.1 

Before 

After 

Before 

After 

1.6 

Before 

After 

5.3 

Before 
After 
Before ' 
After 

12.0 

Before 

After 

Before 

After 

11.5 

Before 

After 

7.5 

Before 

After 


Lesions on 3 leaves from discs 


Not extracted with 
water 


Number 

5 

89 

3 

103 


Extracted with 
water 


Control 
in water 

In 

chemical 

Control 
in water 

Number 

Number 

Number 

253 

264 

222 

119 

97 

103 

202 

106 

187 

111 

78 

78 

253 

8 

222 

119 

172 

103 

202 

14 

187 

111 

215 

78 

506 

516 

740 

522 

500 

700 

506 

23 

740 

522 

700 

700 

253 

0 

222 

119 

155 

103 

202 

0 

187 

111 

218 

78 

506 

21 

500 

522 

475 

700 

253 

0 

222 

119 

56 

103 

202 

0 

187 

111 

64 

78 

253 

0 

222 

119 

62 

103 

202 

0 

187 

1X1 

104 

78 

506 

0 

500 

522 

600 

700 

506 

23 

740 

522 

700 

700 
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chemicals shown diffused into the discs in amounts sufficient to largely pre- 
vent infection from the virus in the discs lefore treatment. The discs to 
which the virus was not added until after treatment demonstrate, however, 
that sufficient amounts of the chemicals did not diffuse into the discs in the 
same length of time to result in a comparable loss of infectivity. The 
amount of chemical applied to the host by this method is approximately the 
same in the discs where the virus is added after treatment as in discs where 
it is present before treatment with the chemical. Where the proper chemi- 
cal concentration and exposure are used, therefore, the data show that the 
amount of the chemical diffusing into the discs, although not sufficient to 
significantly inhibit host infection, is enough to inactivate almost completely 
the virus present in the discs. Hence, these chemicals under the conditions 
shown obviously inactivate the virus and do imt significantly infiuenee host 
susceptibility. 

In applying the same modified agar-disc method of comparison to the 
more complex organic substances that are immediately inhibitory to the 
virus, some difficulties arise as a consequence of the slower rate of diffusion 
of the substances into and out of the agar. In table 7 are shown 6 such 


TABLE 7. — A comparison of the inhibiting effect of six substances on tobacco mrus 
1 in agar discs. Several variations in time of exposure to substance and time of extrac- 
tion with water are combined in averages shown 


Inhibitor 

Trials 

made 

Average lesions on 3 leaves 
from discs 

Treated 

Water 

controls 


Number 

Number 

Number 

Trypsin . i 

55 

69 i 

285 

Aspergillus niger growth product 

42 

46 

276 

Aerobacter aeroaenes . . 

27 ^ 

39 

277 

Milk ('cow’s') 

56 

36 

284 

Blood scrum (horse) 

27 

31 

390 

'Phytolacca plant extract 

59 

3 

1 

301 


substances, which are very potent immediate virus inhibitors, together with 
the average relative amount of reduction of virus infectivity secured in 
agar discs treated and extracted with water over wide ranges of time. Ac- 
cording to this summary, trypsin diffuses most slowly through agar, while 
Phytolacca extract diffuses most rapidly. The very low figure for Phyto- 
lacca is largely due, however, to the almost regular failure to secure reactiva- 
tion after treatment with this substance rather than to slow diffusion. Com- 
plete inhibition of the virus has never been secured in trypsin-treated agar 
discs, whereas it is obtained occasionally with milk, blood serum, and the 
Aerolacter and Aspergillus growth-products and frequently with the Phy- 
tolacca leaf extract. The experiments with trypsin also are complicated 
somewhat by the ‘‘self-digestion^’ of trypsin on contamination wdth organ- 
isms in long exposures, with resultant loss of virus-inhibiting power, a loss 
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that allowed “natural” recovery of virus infeetivity. This interference 
may be prevented in part, however, by the addition of a few drops of toluene 
to the trypsin under test, or, as was done in earlier experiments, by using 
aseptic technique. In table 8 are shown the results of fairly typical tests 

TABLE %—The inMMtory effect on iohacco virus 1 of comparaMe amounts of sut- 


to virus added to the discs after treatment 


Virus added 

Lesions on 3 leaves from discs 

Iiiliibitor 

before or 
after expo- 
sure to in- 

Not extracted with 
water 

Extracted with water 


hibitor 

■ \ 

In in- 

Control 

In in- 

Control 


hibitor 

in water 

hibitor 

in water 



Number 

Number 

Number 

Number 

Trypsin 2 per cent 

Before 

After 

56 

18 

130 

260 

172 

340 

296 

500 

Serum (liorse) 

Before 

After 

0 

5 

130 

260 

176 

260 

296 

500 

Milk (cow^s) 

Before 

After 

17 

16 

290 

256 

49 

74 

600 

500 

Aerohacter growth product 

Before 

After 

23 

50 

130 

260 

236 

400 

296 

500 

Phytolacca extract 

Before 

After 

0 

0 

130 

260 

1 

5 

368 

233 


by the modified agar-disc method using trypsin, milk, serum, the Aerohacter 
growth product and Phytolacca extract With the exception of the latter, 
which apparently belongs in a separate category, these substances are seen 
to behave like trypsin in respect to virus inhibition. It is also evident from 
this table that the inhibitory effect of the trypsin, milk, serum, and the 
gi'owth-product taken up by the disc was quite as great when 
the virus was not added until after treatment with the substances as when 
the virus was present before treatment and exposure was continued for a 
long period of time. In this respect, the results may be seen to differ from 
those secured with the chemicals shown in table 6. When these inhibitors 
are removed to a sufficient degree by water extraction, a part of the virus 
again becomes active (Table 8) . The degree of inhibition produced by these 
nontoxic substances appears to depend only on the amount of inhibitor 
present at the time of inoculation, and is not appreciably influenced by time 
of exposure. The amount of trypsin and milk that diffuses into the agar 
discs is relatively minute; and, although sufficient to inactivate a small 
amount of virus, it hardly suffices to induce immediate modification in sus- 
ceptibility of the host when spread over a large surface of the plant. The 
substances in question appear rather to have a loose but specific affinity for 
the virus, resulting in its inactivation, and permitting reactivation when 
removed. The behavior of trypsin, milk, blood serum, and growth products 
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of certain microorganisms toward the virus is apparently a form of adsoi p- 
tion. The data offer no reason to believe that this form of adsorption differs 
fnndamentally from the inactivation caused by low or nontoxic concentra- 
tions of such other chemicals as permit reactivation to be brought about by 
removing the chemical inactivator from the virus, it appears to be a 
loose and reversible molecular affinity in both cases. Exposure to toxic 
chemicals at higher concentrations (which may often, but not necessarily, 
result in protein-precipitation), or to oxidising agents and certain extremes 
of hydrogen-ion concentrations, apparently results in a close and irreversible 
combination. Under such conditions, removal of the causal agent is either 
impossible or results in no virus reactivation. 

INACTIVATION BY PHYTOLACCA EXTRACT 

The existence of strong virus inactivators in the extracts of green plants 
is apparently relatively rare, though extensive tests on this subject are lack- 
ing. The extracts of several plant species apparently show a moderate 
inhibitory effect on virus infectivity. It is interesting to note that among 
the first plant extracts tested was that of Phytolacca^ which has proved to 
be a powerful agent in this respect. Duggar and Armstrong (5) were led 
to make this test for the reason that Phytolacca could not be artificially 
infected with the ordinary tobacco-mosaic virus, although the species was 
obviously susceptible to a virosis, now known to have been induced probably 
by a cucumber-mosaic virus. 

The extract of Phytolacca rigida has been used in a limited series of tests 
in the research here reported, and we have found that it will immediately 
and almost completely inactivate tobacco virus 1 (Table 4). The extract 
does not deteriorate on standing for long periods and may apparently be 
preserved indefinitely in toluene, although heating to 100° C. reduces its 
inhibitory action on infectivity, as does also filtration through fine filters. 
It may be diluted up to 1 : 1000 with water and still retain much of its 
inactivating power (Table 5). Dilutions of Phytolacca extract as high as 
1 : 100 will diffuse into agar discs and wholly inactivate the virus. The 
virus, however, cannot be appreciably reactivated following long extraction 
with water. Further attempts at treating virus-free discs with the plant 
extract, followed by the addition of virus to the water-extracted discs just 
prior to inoculation, show rather conclusively that the inhibiting substance 
is not readily, if at all, removable from the agar by the diffusion method 
(Table 8). The nature of the inhibiting action of Phytolacca extract on 
virus infectivity is, therefore, more obscure than that of other substances 
tested by the agar-disc method. It seems most likely that the Phytolacca 
extract forms a water-insoluble, inactivating substance in or with the agar. 
This behavior does not, therefore, preclude the possibility that the action 
of Phytolacca extract on the virus is of a similar nature to that of other 
nontoxic substances (i.c., adsorption), but suggests that the combination 
is less readily separated. 
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INACTIVATION BY MILK AND SEBUM 

Cow’s milk inhibits virus infeetivity to a remarkable degree, acting in- 
stantaneously and practically completely on Ml concentrations of virus 
treated with an equal part of milk. It is almost as effective at dilutions of 
1 : 10, but is somewhat reduced at 1 : 100. Pasteurization, sterilization, or 
boiling did not destroy the inhibiting property appreciably; skimmed milk 
and whey were equally as effective as whole milk (Table 9). Evaporated 
milk and buttermilk, however, proved less potent. 


TABLE 9 .^ — The immediate mhibUing action of miOe in different forms and with vari- 

OHS treatments on the inf ectimiy of tobacco mrus 1 



Lesions on 3 leaves 


Treated 

Control 

Whole 

Number 

3 

Number 

800 

Skimmed 

0 

500 

Pasteurized 

0 

500 

Evaporated 

40 

225 

Evaporated (dil. 1: 10) 

185 

225 

Buttermilk 

42 

900 

Whey 

0 

900 

Boiled (5 minutes) 

2 

900 

Sterilized 100° C. 15" 

4 

240 

Undiluted 

0 

240 

Diluted 1: 10 

1 

240 

Diluted 1: 100 

48 

240 


Milk diffuses readily into agar discs, resulting in virus inactivation, but 
the results from the succeeding extraction with water are more variable. 
It is clear, however, that at least part of the inactivating substance can be 
extracted with water and that its behavior, therefore, resembles more nearly 
that of trypsin than that of Phytolacca extract (Table 8). Additional 
studies by E. W. Fulton in this laboratory on the components of milk show 
that casein is the active agent coneerned. Lactalbumen is also a good inac- 
tivator but is present in too low a concentration to play an important part. 

The inactivating action of milk has been tested on several other plant 
viruses, including cucumber virus 1, the potato veinbanding virus, tobacco- 
etch virus, and the potato ring-spot virus. Some of these viruses of the 
cucumber, veinbanding, and etch type are even less tolerant to milk than 
tobacco virus 1, but potato ring-spot appears to be more tolerant than cucum- 
ber virus 1. A similar result was obtained with the potato ring-spot virus, 
using the Aerohacter inactivator. The results suggest the possible Use of 
such a substance as milk in separating certain virus combinations (1) . 

The inactivating power of milk is of special interest and should be worthy 
of more detailed study in relation to certain human and animal viruses. It 
seems probable that such a substance may be a natural factor in the preven- 
tion of certain virus diseases, especially in early life. Evidence of other 
virucidal substances in human diseases has, for example, been recently 
reported by Jungeblut (10) and Francis (6). 
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Kaw horse blood, or horse-blood serum, was used in several tests on 
tobacco virus 1 and was found to retain a considerable inactivating power 
up to dilutions of 1 : 100. Serum inactivation is immediate and complete 
at normal concentration and resembles that of milk in many respects. The 
serum inactivator diffuses more quickly into the agar discs than does the 
milk inactivator and is apparently more readily removed by water extraction 
than is either milk or trypsin, thus demonstrating reactivation of the virus 
more readily. It, therefore, differs in this respect very strikingly from 
Phytolacca extract (Table 10). The extensive investigations on sera and 


TABLE 10 . — Average nu'mber of lesions from, five agar discs containing tohaoeo virus 
1 exposed to various substances and extracted with water for comparative lengths of time, 
illustrating the relative extent of inactivation and of reactivation 



Lesions on 3 leaves from discs 

Treated with 

Treated but not 
extracted 

Treated and extracted 
with water 


Number 

Number 

Phytolacca extract 

2 

3 

Blood serum (horse) 

5 

61 

Aspergillus growth product 

48 

79 

Milk (cow’s) - 

84 

118 

Trypsin 2 per cent 

37 

163 

Aerohacter growth product 

33 

234 

Water, distilled (control) 

270 

295 


anti-sera in relation to both plant and animal viruses suggests that the agar- 
disc method of study might be helpful in separating some of the responses 
involved in vitro. 


INACTIVATION BY GROWTH PRODUCTS OP MICROORGANISMS 

In a recent paper from this laboratory (7) it was shown that micro- 
organisms differ greatly in their respective rates of inactivating ordinary 
tobacco-mosaic virus. The most efficient was Aerohacter aerogenes. It, 
therefore, became of special interest to study further the behavior of this 
particular organism in relation to the virus. 

Preliminary experiments showed that Aerohacter aerogenes could pro- 
duce in culture a substance that was immediately inhibitory to virus infeetiv- 
ity, whereas the majority of other organisms studied in the previous contri- 
butions were apparently only capable of destroying the virus through the 
slow process of decomposition or digestion. The organisms used in this 
study were the same as those employed earlier (7) . The routine methods of 
culture and inoculation also were essentially the same, except that the cul- 
tures usually were made in greater quantity in 500 cc. Brlenmeyer flask s 
instead of test tubes. The nutrient broth was made up to 3 g. beef extract, 
10 g. peptone, 10 g. dextrose to 1000 cc. of water, at a pH of approximately 
6.5. After the organism had grown in culture the desired length of time— 
normally , 10 days or more ^the cultures usually were autoclaved for 20 min- 
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iites and stored in the refrigerator, so that comparable samples might be 
intermittently taken from the same stock culture for two weeks or more. 

The behavior of this substance toward the virus of ordinary tobacco 
mosaic was much like that of trypsin, milk, and blood serum. The chemical 
nature of the Aerohacier growth-produet being entirely obscure, the prob- 
lems that presented themselves related chiefly to the properties of the sub- 
stance and the nature of its inhibitory action. 

No serious attempt has been made to determine the relation of the culture 
medium to the formation of the inactivator by Aerohacter aerogenes. It 
apparently is formed in any medium permitting some growth of the organ- 
ism. It was formed, for example, in a medium of filtered plant extract 
alone, in synthetic broth and on potato agar. It was formed most rapidly 
and in greatest concentration, however, in nutrient broth. The bacteria 
themselves and the sediment in broth cultures evidently contain less of the 
inactivator than does the liquid medium; consequently, the inhibitor is of 
the nature of an external secretion. The substance is probably formed as 
soon as the organism starts to grow, but it does not reach high concentration 
until after 2 to 3 days' growth at room temperature. The maximum concen- 
tration may not be reached until 10-12 days of growth at room temperature. 
The substance does not appear to diminish in potency in pure cultures after 
long standing, ie., after having been kept in solution in the refrigerator for 
as long as 100 days. In the presence of contaminating organisms, it is 
slowly destroyed. 

The inactivator is relatively heat-stable. Heating to 100° C. apparently 
has little injurious effect, but autoclaving at 115° C. for as long as 30 minutes 
results in appreciable destruction. Autoclaving for as long as 2i hours at 
115° C. did not completely eliminate the inhibiting action, and the inhibitory 
element is tolerant to prolonged freezing at -5° G. The Aerohacter in- 
hibitor in the normal concentration formed in broth culture is quite as 
potent as trypsin, milk, or serum. A normal concentrate will, for example, 
completely inactivate an equal quantity of fresh virus extract. If this in- 
hibitor, however, be diluted to 1 : 100 or 1: 1000, much of its potency will be 
lost. The concentration of the inhibitor may be increased to a considerable 
extent by evaporation of the culture medium. If evaporation proceeds to 
the dry state, the product will be about normally active in 0.1 per cent solu- 
tion, and will remain active in this state for a year or more. Attempts at 
precipitating the inhibitor have shown that it will withstand high concen- 
trations of alcohol and ammonium sulphate. Ether, chloroform, or mercuric 
chloride (1:1000) are not injurious, and it is apparently not adsorbed by 
charcoal. 

All efforts to precipitate and purify the Aerohacter inactivator have 
failed. The precipitates secured with ammonium sulphate and alcohol have 
shown no more inactivating power than that shown in cultures evaporated 
to dryness. The difficulties experienced by many workers in attempts at 
purifying bacterial toxins discouraged more intensive efforts in this di- 
rection. 
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The Aerolacter inhibitor does not pass readily through bacteria-proof 
filters of the Handler and Seitz type, one-half or more of the inhibiting 
power being lost in the filtrate. The inhibitor w-as found not to dialize 
through cellophane (sausage) membrane, when the membrane holding the 
inhibitor was placed under running water for 3 days. 

The Aerolacter inhibitor is not toxic in the usual sense, and at high con- 
centration permits the free growth of Aerolacter itself or other common 
bacteria or fungi. The inhibitor does not only affect tobacco virus 1, but 
will inactivate a number of other plant viruses as well, such as the viruses 
of cucumber mosaic, tobacco ring-spot, potato veinbanding, and potato ring- 
spot. These viruses are all usually considerably more sensitive to “toxic” 
concentrations of chemicals than is tobacco virus 1. The potato ring-spot 
virus is, on the other hand, quite as tolerant to the Aerolacter inactivator 
as is tobacco virus 1, although the ordinary cucumber-mosaic virus, the 
tobacco ring-spot virus, and the potato veinbanding virus are somewhat less 
tolerant to the inhibitor than the two former viruses. 

It is certain from comparative tests that many common bacteria fail to 
produce an inhibitor of the type developed by Aerolacter aerogenes, al- 
thoitgh B. ruler lalticus and others also produce inhibitors. Certain fungi 
are also capable of producing a similar inhibitor. Aspergillus niger has 
been shown to form a substance in nutrient broth culture quite as potent as 
that formed by Aerolacter aerogenes. It also appears, though less defi- 
nitely, that growth-products of Botrytis cinerea behave in like manner. 
Fungi offer an advantage here, because of easy removal from the medium. 
Preliminary tests of the properties and behavior of the Aspergillus inacti- 
vator have shown them closely similar to those of the Aerolacter inactivator. 

Stanley (13) showed that a preliminary treatment of the leaves with 
trypsin before the inoculation of the leaves with the virus caused a marked 
decrease in the number of lesions produced. The shorter the period be- 
tween trypsin treatment and inoculation, the greater was the effect of the 
trypsin. When the trypsin was washed off its effect was greatly reduced. 
Inhibitory effects of trypsin sprayed on the host plants lasted one week after 
application. If, on the other hand, the virus was applied to the leaf first, 
the trypsin had little or no inhibitory effect on infection, unless applied 
within about 30 minutes after inoculation of the leaf with the virus. 

The results secured in the present investigation with the Aerolacter in- 
activator were strikingly similar to those secured by Stanley with trypsin. 
The application of this inactivator before inoculation often completely pre- 
vented infection of the host for as long as a week. The Aerolacter inacti- 
vator was even more effective in reducing infection when applied following 
inoculation than was 2 per cent trypsin. Results of a similar type were 
secured with mfik, serum, Phytolacca extract, etc. Experiments of this 
type can hardly be expected to have a significant bearing upon whether or 
not the inhibition of infeetivity occurs through an effect on the virus or on 
the host, since, if the inhibitor has an immediate inhibitory effect and re- 
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mains intact on the leaves, it is most likely that the result will be the same 
whether the inhibitor and the virus are applied separately or in combination 
with each other. 

DISCUSSION 

The results and conelusions presented in this paper should be considered 
in part as an effort to apply a new experimental technique to certain difficult 
virus problems. The agar-diffusion method appears to have some definite 
advantages for studies on inactivation and reactivation. It, therefore, may 
possibly be greatly improved or adapted to special purposes. An obvious 
need exists for a practical and simple method, capable of distinguishing be- 
tween a modification of host susceptibility and direct effect on the virus 
itself. This is at least partially attained by the agar-disc diffusion method. 
The diffusion of a chemical into agar discs and its subsequent removal may 
be minutely regulated by varying the concentration of the chemical, the 
time of exposure, and the time of extraction with water. The virus may be 
introduced into the disc either before or after the chemical treatment for 
comparative purposes. A treatment at or near the minimum required for 
loss of infectivity of the virus-containing disc should also inhibit to a like 
degree virus added to macerated discs at the time of inoculation, provided 
the effect of the chemical be to modify the susceptibility of the host. This 
is not the case with many chemicals of the ‘ ^ toxic group tested. The re- 
moval of the inactivating chemical with resulting restoration of infectivity, 
is clearly reactivation of inactivated virus. It is concluded, therefore, that 
good evidence has been established against any modification of the host by 
such chemicals. The results secured with other chemical substances, such 
as trypsin, milk, and serum, are less conclusive but point in the same direc- 
tion. The data have yielded no evidence that cannot be explained on other 
grounds more logical than that the host is immediately modified in suscepti- 
bility by relatively minute amounts of these substances distributed over a 
large surface of the inoculated host. 

It is believed that the status of the virus problem has reached the point 
where distinctions should be made between permanent and temporary in- 
activation. Permanent inactivation implies destruction or death of the 
virus. Some may argue that a virus is not definitely known to be a living 
substance and, therefore, is not subject to lethal agents. Others may main- 
tain that a virus can never be said with certainty to be destroyed or killed, 
that is, it maybe only inactivated, even though submitted to the most drastic 
forms of physical or chemical treatments. Without attempting to meet 
these contentions, it appears logical in the present state of knowledge to 
recognize that certain physical and chemical treatments of virus result in 
permanent or irreversible loss of infectivity or death, as far as can be deter- 
mined by any test now available. On the other hand, it is obvious also that 
it is possible for a virus to lose temporarily its infectivity through contact 
with various chemicals and that infectivity may be partly or wholly re- 
covered under appropriate circumstances. The term inactivation should be 
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reserved for knovm or suspected phenomena of this type, in order that a 
distinction may be made between this phenomenon and that of the more 
logical, if not proven, death or destruction of the virus. 

The present investigations have shown that the inactivation and reacti- 
vation of the ordinary tobacco-mosaic virus is possible with a variety of 
chemical substances when elfeetive concentrations are used. Many of the 
same chemicals used in a sufficiently high concentration or over a longer 
period of time result in destruction or death of the virus because of their 
toxic properties. Another group of strong inactivators, non-toxic to the 
virus at high or normal concentrations, comprises milk, serum, trypsin, etc. 
The action of these materials is believed attributable to a form of loose phys- 
ical or chemical union with the virus particles, a union differing little from 
that of the toxic group used at effective inactivating concentrations only. 
No attempt has been made to correlate the results of the present investiga- 
tion with those relating to the antigenic properties of virus-immune sera 
as investigated by Chester (4) and others in plant and animal viruses’ 
although it seems probable that related responses are involved in such 
reactions. 




The influence of various chemicals on the infectivity of the ordinary 
tobaeco-mosaie virus has been studied by means of an agar-disc method 
which permits the diffusion of chemicals to the virus when contained in the 
StiUeTwater*^*^*^'^^^^ complete or partial extraction of the chemical with 

tioJlVr chemicals at a concentra- 
tmn and time of exposure that inactivated the virus but permitted reactiva- 

icMs^i the inactivating agent with water. Many of these chem- 

icals at higher concentrations or longer periods of exposure cause an irre- 
versible loss of infectivity. 

and^oTLr^ substances harmful to infectivity have been tested 

and ot these 28 have permitted reactivation of the virus. Eeactivation is 
possi e 0 owing inactivation with many common salts and with acids at 
e proper concentrations, but was not secured following treatment with 
certma oxidizing agents, nor with bases at a pH above 11 0, nor at fonlel 

_ A number of common organic substances were found to be nowerfnl 
immediate inactivators of viruses. These include milk, blood serum citrus 
hnrf ^ growth products of certain microorganisms chiefly Aero 

aa apM/„.aet, 
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which may usually be broken up by removal of the inactivator with water, 
provided the nature or concentration of the chemical, or the time of exposure 
to the chemical is not such as to cause destruction of the virus. 

It is believed that sufficient evidence is available to justify a distinc- 
tion between the inactivation of a virus and its destruction or death. It is 
suggested that the term “inactivation” be reserved to express demonstrated 
or probable temporary loss of infectivity when reactivation may be induced 
or may be possible on the logical grounds that no known lethal agent has 
been applied. Chemicals that cause destruction or death of the virus above 
definite concentrations and times of exposure may be separated into toxic 
(often, but not necessarily, protein-precipitating) agents, oxidizing agents, 
and agents with a pH of about 1.5 or lower and about 11.0 or above. 

Wisconsin Agricultural Experiment Station 

AND 

Division op Tobacco Investigations, Bureau op 
Plant Industry, United States Department 
OP Agriculture 
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ACTINOMYCES IN POTATO TUBBES 

B . F . L U T M A N 

(Accepted for publication November 25 , 1940 ) 

The ordinary scab of the potato is produced by the stimulus on the cork 
cambium of one or more organisms of a type intermediate between the fungi 
and bacteria. Many authors and investigators have referred to the patho- 
gens as Actinomyces scabies (Thaxt.) Gussow. 

It IS not the intention of the writer to disinter all the evidence in favor 
of or against this naming other than to point out that Erwin Smith (13) 
listed both Actmomyces and Streptothrix as bacterial names to be avoided 
and that his Chlamydothrix (Migula) has met no favor. 

Scabies as a species name originated with Thaxter, whose very incomplete 
description of an organism producing scab on potatoes was supplemented by 

aTn s'dIT ? n„<i« Th„,er's direction and in ooUaboration witi. 
r of Agriculture, who examined 5 pathogenic cultures 

from the latter source. Of these 5 cultures, 4 agreed in morphological Ind 
cultural characters, but the fifth was unlike them in the spirals formed by 
aerial spore-bearing hyphae. All 5 cultures, based on pathogenicity be 
Achnomyces scabies. oe 

Tbe writer would state that in the following paper any reference to 'Hlie 

m ,h,oh that species has been detned, but in the broader senle ofTv 
sS "7 ■”7””' “ "hmber ot 

on the d“toZ 

inclined to believe that onlv .1 i ^^oup. The writer is 

genieity is variable. '' '' involved, but that its patho- 

tubeiy p^trsS, tatr: ->' p->“« 

is a growth pr.llre„o7S,? 

Felloe, adheriSTetl ”7, ab ‘"b«- 

tributed the spread of the true nath*°^ tou^h stomata and lenticels, at- 

under them. Infected cells walk ^ lamella of the cells 

angles where 3 or ^ -P--ny at the 

served inside other cells were nronm mycelium ob- 

genie types were fold i^rfy These nonpatho- 

the tuber surface. Fellows based his oh before invaded) near 

tions of fresh material^^^r^^^^^ almost entirely on sec- 

Onable to find causal organisms near brown tissues 
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he assumed that they must be working at some distance from the spot where 
lesions were evident. The nonpathogenic types, found in necrotic areas np 
to 5 mm. in diameter, were inside cells. The snbepidermal layers (cork and 
cork cambimn) were browned and stimulated. Large tubers had a much 
higher percentage of surface covered by scab than smaller ones, and scab 
areas were more abundant on bud ends of tubers, presumably because of 
thinner cork and more abundant lenticels. 

Jones (7) attempted to explain the histogenesis of ^^deep’^ scabs by suc- 
cessive stimulations of the meristem to cell invasion by fungus strands. 
Elongated cells were produced for a time, and then, as the stimulus subsided, 
the meristem resumed the formation of a normal cork layer, which served 
as a barrier against the advance of the strands. This barrier might be again 
penetrated, the stimulus of the meristem resumed, and abnormal, elongated 
cells formed. A second barrier intervened to stop growth, with the possi- 
bility of its being penetrated and the formation of a third barrier. More 
than 3 cork barriers were never observed, even in very deep scabs. 

The origin of deep scabs as an invasion of lenticel tissue by the scab 
organism is supported by both investigators, as it was by the writer (9, 10). 
The scab types — shallow, shallow-broad, etc. — of older authors may be ex- 
plained along similar lines. The type of scabbing or russetting in recent 
years on land once infected with 100 per cent deep scab has raised doubts 
in the writer ^s mind as to the nature of this brown, russet, rough cork, which 
appeared on tubers the first season in which potato culture was resumed 
after an interruption of 19 years (11) . Similar skin abnormalities on Dutch 
potatoes have been noted by Miss De Bruyn (2). This brown roughness of 
the tubers is clearly different from the definitely defined, although often 
coalescent, lesions seen in the ordinary deep scab. The tuber is covered by 
a brown layer of nearly uniform thickness, often cracked and furrowed, 
which would seem to result from a general infection of the periderm and 
not from isolated penetrations through lenticels. 

These facts stimulated a reinvestigation of the infection and spread of 
the peLthogeiim Actinomyces in the stomata, lenticels, epidermis, and cork 
cambium. 

METHODS 

Two general methods are available for the study of potato periderm and 
its derivatives, as well as the pathological conditions induced by the scab 
oi’ganism: 

1. The mycelium of these scab organisms accompanies its growth and 
progress by excreting a brown pigment that stains the cell walls of the tuber 
and osmoses into the adjacent cells. This characteristic makes the progress 
of the brown pigment-secreting varieties easy to trace by the following 
method. Eemoval of the skin of the young growing tuber is very easy, since 
the outer layers can be torn from the underlying starch parenchyma, the 
brown-wall layer being the cork parenchyma. These bits of skin were 
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mounted in 10 per cent glycerine drops on a slide; left uncovered, a few 
drops of the glycerine were added as the water evaporated. After 2-3 days 
50 per cent glycerine was substituted, being cautiously added at the margin 
of the drop containing the bits of skin. After a week the drops were covered 
and allowed to stand for some months to clear. 

2. Small tubers were imbedded in paraffin and sectioned, 8-10 p thick. 

(a) Some non-stained sections, mounted in Canada balsam, were examined. 

(b) Some were stained in safranin-fast green, (c) Others were stained by 
Gram^ method, the counter stain being fast green, (d) Others were stained 
with Orseilhn BB and counterstained with anilin blue. None of these 

methods was successful in differentiating the fungus from the walls of the 
potato cells. 

3. A modification of the Gram technic was considered the most honeful 
procedure.’- Jones’ method for Gram-positive bacteria, presented in detail 
by Eawlms (12), was unsuccessful on tuber sections,- the dye was entirely 
removed by the alcohol. The following method gave excellent results- ^ 

tion fo?22hours!^ violet- (crystal violet) anilin oil solu- 

2. Wash in water. 

3. In Gram’s iodine solution for 24 hours 

4. Was! c„efu% m absolute alcohol until no color flora from sectiona 

5. Clear m xylol, mount in balsam. No counter stain. 

OBSERVATIONS 

I. On the tuber skin surface 

The Green Mountain tubers were grown on land badly infested with the 

Ts toTZ” Z ““ f '“'Sdy clean tube^ Zet 
0.5 to 1.0 cm. m diameter, were dotted thickly with stomata especially at the 

thVnt O' 'O- 

'“‘iZZ' r .r “ 

and elongated rath raiul aZnTrd™Zcd''’'l“XTfVT"'fte 

epidermis IS uppermost, but in fieure 1 B tUm n - fa’ive 1, A, the 

mounted upside down The Ki-n .i ’ n ’ Jvawings show tuber skin 
nification of (500-900 x1 shn-Hi seemed to be wavy, but a mag- 

to the winding and tortuoL ZT/f m ’'“'■iMss beintt due 

brown color ll Sdrtbc^l „ Tf ‘ Tito 

the cytoplasm of cSls 1 VL “"”0 i“‘« 

‘’“'O'* •« »- 
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Pig. 1. A. Young lenticel and stoma with cell walls infected and browned, x 300. 
B. Y'oung lenticel and stoma as seen in a piece of skin mounted upside down. Cells around 
stoma and cambium uninfected. xl20. 

cause the papillae are so high. The mycelium cannot be seen in the dark- 
walled circle of host cells surrounding a young lenticel, but fine strands 
can be detected between the lighter adjacent cells. In general, they seem 
to follow between the cell walls in the middle lamellae, splitting the walls 
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apart, but recognizable by tbeir wavy appearance. Some strands appear to 
cross the cells, but these are located in Walls parallel to the plane of the 
photograph. Fellows’ (5) failure to observe mycelium may be explained 
on the theory that, in his sections, the winding, irregular niyeeliuni would be 
cut into small bits and almost unrecognizable. 

The other striking feature of young tuber skin, the dark-brown inter- 
cellular spaces, had been noted also by Fellows, who found, as around the 
lenticels, no trace of mycelium. He surmised, however, that here, as in 
lenticel infection, the mycelium worked at some distance from these areas. 
He observed numerous Actinomyces hyphae crossing the cells, but assumed 
them to be only saprophytes invading dead, or nearly dead, epidermal cells, 
since they appeared only on tubers grown in unsterilized soil. On tubers 
grown in sterilized soil and inoculated from pure cultures of his scab Acti- 
nomyces only stomata and lenticels were infected, and the epidermis was 
clear of all Actinomyces hyphae. 

Some explanation must be offered, however, for the general scimfSness 
and browning of many tubers from land known to be heavily infested with 
parasitic strains that infect by way of lenticels. The stimulus is a uniform 
and general one, with a russetted-cork skin as a result. 

Small tubers the size of a pea already show a patchy brownness, even 
under a hand lens. Such skin, mounted in glycerine (Fig. 2), illustrates the 
beginnings of brown areas. Isolated intercellular spaces are largest at 
angles, always dark-brown and filled with some jelly-like material, also 
brown. The arrangement and size of these areas have no relation to the 
stomata. Sometimes they are connected and sometimes isolated at the angle 
formed by 3-4 cells, even stringing out irregularly between a dozen cells. 
Straggling intercellular browning may rarely destroy patches of epidermal 
tissue. 

This independence of brown patches and stomata is especially well shown 
in figure 2, D, where 19 brown, intercellular spaces are connected by thick- 
ened brown walls with a similar patch to the lower right. Around this 
diseased area are 3 normal stomata not connected with the infection. 

A 100 X magnification of these bits of tissue does not permit a critical 
examination of the cell walls, but the margin of figure 2, D, magnified 500 x, 
is seen in figure 2, C. The brown-walled cells themselves have not been much 
affected ; certainly not more so than normal ones to the left. The cells with 
infected walls are slightly larger than those of the surrounding epidermis, 
and slightly raise the mass of tissue they form. 

Brown walls and enlarged intercellular spaces are striking features of 
a surface view (Fig. 2, A and D). The walls seem enlarged and distorted, 
but this unusual appearance is due to the twisted strands of the mycelium. 
These strands secrete brown pigment, which tinges the host walls but does 
not percolate into the cells that the walls enclose. At the cell angles the 
pigment collects and tints the adjacent cells. 

The injury induced by hyphae on the adjacent cells causes the formation 
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Pig. 2. Photomicrographs of skin of young tuber. Brown spaces are schizogenic and 
Actinomyces mycelium, radiate. B shows "distribution of intercellular areas and thickened 
cell walls. C is part of D, twisting hyphae inside of browned cells walls. A and D, X 150 j 
B, x 650; D, x250. 
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of large, dark-brown, intercellular spaces. The dark jelly that fills these 
spaces makes observations on Actinomyces strands difficult, or almost im- 
possible. Fellows’ (5) failure to see them is quite excusable, not alone 
from the dark jelly, but also from the fact that the older bits of liyphae are 
empty and the walls are too transparent to stain. The Aciinomyces fila 
ments show at various spots, briefly in focus and then twisting out again' 

perhaps difficult to find in the reproduction, but well shown in photo' 
graphic prints. 

Filaments of considerable length (Fig. 2, B) emerge from the browned 
areas. If these filaments at times seem to cross inside cells, it is only an 
optical effect, since they are really imbedded inside the cell walls. * The 
penetration of the cellulose walls is very doubtful; the microorganism is 
pectin- but not cellulose-dissolving. The active, living, working tips of the 
aments are colorless; the secretion of this grown pigment seems to be one 
phase in the aging and destruction of the filaments themselves Pure eul 
tures on nutrient agar showed no color around the inoculation for some 
dajs alter growth could be seen; later, the brown color began to diffuse out. 

n. On Sections of Young Tubere 

Sections of small white tubers, the size of a pea or less, are necessary to 

The triple stain (gentian violet, safranin, and orange G) had been used 
on tuber seet.ons made 20 geata ago. Small tubers: cut lonttudMh 
l b -serous etomata (Fig. 3) cut across. Cork eimbium atld stolatl 
^ ambeis had not yet been developed, but the stomata, without eioention 

been sphnnl n’r 

lodo-ino' The 111 am ormed, the filaments had found food and 

retofl7rZ“rrnlr? «™m.posidv. in living portions, do not 
this Qram-Sve pXel "'vlf (8). Making use of 

■was stained to determine the ori ^ ^ young potato tubers 

the means by whS S^^^^^ the infection, 

on the host ceTr and its effect 

lamellae. Split walls, always thicker ^than^ffitect f of middle 

trusion of the Actinomyces filamfin+ u owing to the in- 

dark-blue stain of them. The 

yellowish tint of the cell walls. ™ sections from the 
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Filaments appear not to follow cell walls, but this is because of the 
thickness of the sections ( 8—10 p ) ; the filament may lie in a wall in the plane 
of the photograph. 

Dist‘nJ)‘i(tion of the Organmn i7i the Cork Layer, For comparison, pieces 
of young tubers with white and others with brown skin were sectioned, 
stained, and compared. 

White-skin tuber sections (h^ig. 4) contain a general distribution of 
hyphae ; but the intercellular splits are small and no large angular spaces 
appear at the corners of tlie cells. Some distortion of the cells may result, 
but not enough to raise the cork layer. 



Eig. 3. Section of very young stoma, tuber at lower left,* infection with Actinomyces^ 
hyphae. x 500. 

Brown-skin tuber sections show a similar distribution of the hyphae^ 
but large, schizogenie spaces filled with a dark-brown coloring matter lie 
at the base of the cork cambium (Fig. 4, B). The schizogenie spaces under 
the cork seem to be filled with brown excretion products and may extend 
to the surface of the cork as darkened areas. With a certain amount of 
differentiation, these products are as Gram-positive as the living organisms, 
an interesting sidelight on the theory of the Gram stain itself. 

Shallow scabs seem to be the result of a general infection pf the cork 
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cambium by the brown-color-producing Actinomyces- The infection inav 
occur at any cell juncture by the penetration of the parasite between the 
cells through the pectin of the middle lamellae. So far as can be observed, 
no cuticle covers the Joints between the jmung epidermal cells, and any 


k layers of white (A), and brown (B), skin of voun^ tube 
intercellular space under cork iti q ^ ^ ^ tub€ 

led, modified hyp 

5m could enter. Note that the infections shown 

to the outside of the cork. 

^>ata and Lenticels. The old and general assumpti 
, tU) was that stomata or lenticels are the gene: 
>arasite. The first browning of the smallest tube 
these openings, but the infection assumntion dra. 
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Scab lesions are the result of growth in a eambinm, a growth much 
larger under stomata than under the inter-stomatal cork layer. The result 
is an eruption of brown-walled, irregular, hypertrophied cells — a so-called 
deep scab lesion. 

Stained sections of potato roots showed general infections of the outer 
layers similar to that described for the tuber. 

General Injection of Tuher, Actinomyces filaments were general in the 
starch parenchyma of all tubers. Figure 6, not drawn at one level, shows 
all hyphae, large and small, but no cell walls. Cells 1, 3, and 7 are the 
innermost cork cambium ; the others are starch parenchyma. Some of the 


Fig. 5. Section of brown tuber skin with scliizogenic spaces between the epidermis; 
Actinomyces byphae invading the deeper layers of tuber. Modified Gram’s stain. x400. 

hyphae are cut off, but a few of the more delicate ones, as in cell No, 4, 
bend up and then spread out in the plane of the paper but between walls, 
which, of course, cannot be shown. Even the cells of the rather small and 
rudimentary bundles showed infected walls. The mycelium in these walls 
was often very large and coarse, while filaments inside parenchyma cell walls 
spun out into branches so fine that they could hardly be followed. The ques- 
tion might arise at once: Is this deeply imbedded the same spe- 

cies as those found in the walls of the cork and under the scab lesions? The 
strands seem to be continuous from cork to starch parenchyma. 

All tubers, as used above, is to be taken literally. Regardless of scab, 
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the cell walls of all tubers were infested with Adijiomyce^ filaments. Clean 
tubers from various local sources, among them specimens from fields never 
known to produce scab, and clean tubers obtained in the market from other 
states were alike infected. 

This distribution of hyphae throughout the cell walls of tubers recalls 
the very significant but neglected contributions of Noel Bernard (3). A 
fungus characteristic of the potato, Ftcsarium solani, invaded veiy young 



I’M. 6. Starch parenchyma cells, mxder cork. Modified Gram’s stain. x 300 . 
roots and tubers to live a semi-symbiotic existence inside the cells Potatoes 
tuWs '""ThTicr ^ without a previous Pusarium inoculation grew very few 

of vSousTlants^ aetinomycetes in the dead, superficial root cells 

“d^rd’ “L -called 

brown exudate from the adjoining edls P ®®^iygeiious spaces filled with 
influenced Pellows’ (5) explanation of the a 'T'' ' ^^^tements evidently 

tached to the outer Ws of the noL i external and at- 

in some unknown mannl saprophytes living 

The filaments extend from i 

can be Wlowed into the body the tube. The eorh Lbta rb^ilu'! 
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Fig. 7. Stareh pareiieliyma and vascular bundles of tuber. General infection of cell 
walls* X 750- 
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lated to abnormal activity; the cambium under the lentieels may be stimu- 
lated to abnormal growth. The infection in the stems that later form tubers 
occurs when they are still too small to be recognized as tubers. Why may 
not the same growth-promoting substance act on the tissues of the young- 
underground stems ? Another pertinent question may be raised as to the 
extent of Actinomyces scabies in these tissues and the means by which it 
may be distinguished. 


THE GROWTH OP ACTINOMYCETES IN CULTURES 


The relation of Actinomyces to potato-tuber cells led to the possibility 
that previous attempts at modifications of the ordinary media may have been 
in a wrong direction, Tempel (14). 6rowdh on nutrient agar is slow and 
the colonies are small. The agar modifications are too numerous to list. 
The general function of actinomycetes in soil is the destruction of organic 
material, but their special method for this destruction is not understood, in 
spite of much effort. ^ The secret of the proper medium for this group was 
revealed by their habits on the young potato tubers ; They live in the middle 
lamella of plant cells; they destroy plant remains by dissolving out the 
middle lamellae. The middle lamella consists of pectin and pectin com- 
pounds, so the best medium for soil actinomycetes ought to be pectin. 

w ^ have been limited to that of 

0 (15) from Certo, the following account may be of value. The prin- 

eipa commercial sources of pectin are the gums used in paste, mucilage, and 
pharmacy, the commonest being gum arabic and gum tragacanth. Apple 
and orange pectin also are purchasable commercial products 

.nhSZ ^ a 3 per cent solution; the other 

ubstanees dissolve only into mucilaginous solutions. Gum arabic is nearly 

LfeTJr largely pectin or pectin-like compounds, 

t also has a little starch. 1-arabinose sugar, a derivative of pectin mav 
also be obtained and used. vve or pectin, may 

couldTeTvoird^'r^°“' P«<5tins were tried, but no combination 

2 per cent 

bination had"! nJ temperatures, liquid when hot. The best com- 

lation had 4 per cent gum tragacanth as a base with gum arabic nectin 


Porniula No. 1 


Water (tap) ... 

1 nnn 

cubic centimeters 

(jum tra<T:aeanth 

An 

Gum arabic .... 

0 

grams 

1‘^^tni (apple) ^ , 

/i 

grams 

K2II PO4 

0 

grams 

NH* NO, ... . 

/i 

grams 

MgS04 

n K 

grams 

OaCO, 

0 fC : 

gram 

pH, 6.2 ■ 


grams 
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1,000 cubic centimeters 
40 gTams 
10 grams 
2 grams 
2 grams 
4 grams 
0.5 gram 
2.5 grams 


C'olloicis, so firm Miien cool that a filled test tube could be inverted, were 
soft ]>astes when liot. (him tragacantli is not readily soluble, even by con- 
tinued (hours) boiling. A 2-clay soak in tap water with frequent stirring 
was the best method. Even while hot, the paste was too thick to tube by the 
usual procedure, or even by pipetting. A stout, heavy-grease pump, such 
as is used for lubricating automobiles, was the best instrument found. This 


Fig. 8 . Chromogenic Actinomyces from left to right: On nutrient agar; potato 
starch agar ; pectin— gum arable — gum tragacanth + peptone medium ; same but no pep- 
tone ; same + 1-arabinose sugar. 

medium is not quite clear; the slight cloudiness is due to white crystals of 
unknown composition. 

The actinomyeetes used for trials on these media were types isolated on 
nutrient agar from soil badly infested with scab organisms, but their patho- 
genicity wm not tested. They were, however, pronounced brown-color pro- 
ducers. 

Growth on either medium was profuse with numerous conidia, white, 
with no production of brown color while on nutrient agar ; waxy, with few 
conidia, and brown coloration of medium. After 10 days the upper layer 
of the medium, under the mycelium, became liquid and clear (Pig. 8) . 

Inoculated into plates of this medium, colonies were very large (1-2 cm. 
in diameter), white, flocculent. The medium underneath them was lique- 
fied (Pig. 9, A). 

Ten to 20 cc. of medium were pumped into sterile Petri dishes, covering 
the bottom to a depth of about 0.5 cm. Sterilized by heating in the dry-air 


716 


Phytopathology 


[VoL. 31 



oven for about an hour with the cover on the dish and a temperature of about 
85° Gi, the surface of the medium dried, but the water of condensation on 
the covers was avoided. One cubic centimeter of the 1-1,000,000 dilution of 
soil was poured over the medium and distributed over the surface as evenly 
as possible. Actinomyeetes colonies could be distinguished by the clearing 
and liquefaction of the medium around them (Pig. 9, B ) . 

Bits of tuber tissue introduced into these media developed no Acti- 
nomyces, although they must have been infected. The organism seemed to 
have established such an intimate relationship to the tuber that it could not 
be enticed out into similar but artificial surroundings and medium. 


Fig. 9. A. Ohromogenie Actinomyces liquefying pectin medium. B. Inoculation 
from scab-infested soil, dilution, 1—1,000,000. Actinomyeetes colonies with clear liquid 
halo. 

SUMMARY 

Infected lenticels showed a ring of brown cells with radiating strands 
of the Actinomyces in surface view. 

In addition to infected lenticels, patches of brown schizogenic spaces were 
to be observed. Actinomyces strands could be seen inside these spaces and 
in the intercellular middle lamella; the cells are split apart by the dissolu- 
tion of the pectin of the middle lamella. 

While infection occurs through stomata and lenticels, it seems to occur 
at any place on the skin where two cells join in very small tubers, 0.5 to 1 cm. 
in diameter. 

In sections of the white skin the hyphae do not produce schizogenic 
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spaces ; in brown skin, schizogenic spaces, filled with an exudate, occur under 
the cork. 

The entire tuber is infected by Actinomyces hyphae inside of the cell 
walls. The filaments seem to be continiioiis from the outer layer of cork to 
the center of the tuber. 

Since the scab organism lives on pectin, a pectin-jelly medium was used. 
Growth was very profuse, white, with numerous conidia, medium liquefied. 
Vermont Agricultural Experiment Station, 

Burlington, Vermont. 
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BEOWN EOT ON STONE FEUITS IN WBSTEEN WASHINGTON 

Glenn A . Huber and Karl B a u r i 
(Accepted for publication December 12, 1940) 

The brown rot of stone fruits {SderoUnia sp.) does some dainaj*'e in 
Western Washington every year, and frequently occurs in epiphvtotic form 
Ihe disease was especially severe in 1936 when it caused an estimated reduc- 
lon in yield of 60 per cent in Italian prunes, 40 per cent in sour cherries 

and 90 per cent in sweet cherries. '-uwne.s, 

on Italian prunes was undertaken in Clark 

m s to i 1 P-grain was enlarged 

in 1938 to include a study of the disease on Italian prune, apricot eherrv 

(sweet and sour varieties), and peach. toicor, uxerij 

Ade^rrand'tuhf f Eehin. and E. laxa 

■ . d Euhl., which have been present in the Pacific Northwest for 

rome time were found responsible for the disease in Western Washino'ton 

IcZT" “‘found both E. fructicola and E. laxa on It S 

Ttt ,t *»■” bl« and tX ■ 

„„ atone fmite in Wattem wX.Z 1 n™, • 

of this investigation has been made.® “ ’ P^o^^^ary report 

methods 
Culture Studies 

identification of these two sneeies Th literature concerning the 

included. “ose two species. Therefore, no further discussion is here 

Isolations 

to avoid carrying stSiitpecSet^ “ade in the orchards in order 

sedan automobile, with isolation faeiHtierset upAn t ° ^ 

1 The writers exnrMa tt, ■ ■ . P m the rear compartment, 

-» „ .... 
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was driven into the orchards, specimens collected, and isolations made 
immediately. Otherwise, specimens were placed in large dishes or vials 
and taken to the laboratory for isolation. From all sponilating specimens 
freshly developing conidia were removed to agar plates ; the specimens were 
then thoroughly washed in bichloride of mercury solution, dipped into 85 
per cent alcohol, and passed through a flame. Isolations were then made 
from the interior of the specimens. Isolations from apothecia were made by 
permitting the ascospores to be discharged against the medium. 

Inoculations 

Fruits and twigs were inoculated by inserting conidia obtained directly 
from the host or from pure cultures, or ascospores from mature apothecia, 
into wounds made by a scalpel. Blossoms were inoculated by (a) atomizing 
spore suspensions of either conidia or ascospores onto the floral parts; (b) by 
placement of dry conidia onto the floral parts with a camel-hair brush; or 
(c) by ascospores discharged directly from apothecia into open blossoms.'^ 

SCLEROTINIA SPP. ON APRICOT 

The production of apricots in Western Washington is of little commercial 
importance. Many fruit growers have one to several trees generally planted 
in cherry, peach, or prune orchards. These apricots are highly susceptible 
to brown rot and, in some years, most of the year-old twigs are killed in 
the spring before new twig growth appears (Fig. 1, A). The mycelium 
within the twigs apparently becomes dormant, new growth appears, and 
the trees develop good twig growth during the season. These trees are 
sources of inoculum for infection of cherries, peaches, and Italian prunes. 

Studies on the brown rot of apricots were carried on in small plantings 
within and adjoining peach and Italian-prune orchards in Clark County. 
Sporodochia were found, from the latter part of December through March, 
developing in large numbers on twigs infected the previous year (Fig. 1, 
B, C). When rains and high humidity prevailed during the latter part of 
March, sporodochia continued to develop into April. Only two mummies, 
both showing heavy sporodochial development, were found overwintering 
on trees. No new sporodochial development was observed on twigs and 
cankers that had produced them the previous year. 

New infections took place through spreading blossom buds and leaf buds, 
and advanced into the year-old twigs, which were girdled and killed. Under 
highly humid conditions conidial production took place in abundance on 
blighted blossoms within 2 or 3 days after infection. Sporodochial produc- 
tion was not observed on currently infected twigs and cankers. 

Isolations were made in 1938 and 1939 from infected fruit, blighted 

6 A small amount of alcohol was added to the bichloride of mercury solution (1-500) 
to break down the surface tension to aid in penetration of spore masses. 

7 An open flame from a match or an alcohol lamp was passed over the mouth of the 
apothecium. The drying of the hymenium caused the asei to explode, thus forcibly dis- 
charging the ascospores. Large apothecia may be forced to visibly discharge ascospores 
4 to 6 or more times in succession. 
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blossoms, sporodocliia (developing* on twigs and cankers), and from the 
interior of blighted twigs. These were collected at random from orchards 
in widely scattered areas in Clark County. Following are the results of 
the isolations : ^ ^ ^ ^ ^ ^ ^ 

Sporodochia from 2 mummies (overwintering on trees)— Sprier of fa /a laxa, 
Sporodoehia from 368 blighted twigs and cankers — 8. laxa. 

Interior of 64 twigs and cankers (current infections) — S. laxa. 

Over 500 blighted blossoms and blossom-buds — S. laxa. 


Fig. 1. A. Apricot tree sliowing twig and blossom bligbt caused by Sclerotdnia laxa. 
B, 0. Blighted twigs showing sporodocMa of toa. 

Exterior (conidia) and interior of 72 infected green fruits— /S^. laxa. 

Exterior (conidia) and interior of 38 infected ripe fruits— 36 8. laxa and 
2 8. fructicola. 

Because of the severity of the disease on apricot, very few blossoms either 
escaped infection or set fruit. Inoculations with SderoUma laxa caused 
infection of blossoms, twigs, and fruits. Inoculation with 8. fructicola 
caused infection of blossoms and fruits but failed to develop definite cankers 
in twigs. Blossom infections with 8. fructicola did not extend into twigs as 
did those with a. 

SCLEROTINIA SPP. ON CHERRY 

There are approximately 2,500 acres of cherries (mostly the Mont- 
morency variety) grown in Western Washington. The greater part of this 
acreage is located in the Puget Sound area. The sweet cherry acreage is 
small, most of the plantings consisting of only a few trees in or adjoining 
Montmorency orchards. 



The study of brown rot on both sweet and sour varieties was made in 
orchards located principally in King* and Pierce Comities, where most of 
the commercial crop is grown. Observations also were made and specimens 
collected in Clark and Whatcom Counties; 


Fig. 2. A. English Morello cherry tree showing twig and blossom blight. Mont- 
morency trees in the background. B. Montmorency spurs showing blossom and leaf blight. 
C. Early Eichmond twigs showing blossom and fruit-spur blight. D. Montmorency twig 
showing mummies still attached to fruit spurs at blossoming time. 

The English Morello and Early Richmond varieties appear to be more 
susceptible to brown rot (Pig. 2, A, C) than Montmorency. In years of 
severe epiphytotics, many of the 1- and 2-year-old twigs were girdled and 
killed. Although the Montmorency is less susceptible, terminal twigs and 
fruit spurs were often killed. Random examinations of twigs and fruit 
spurs in 4 different orchards near Kent, King County, in May, 1940, showed 
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killing of 31 per cent of the twig tips, and 31.34 per cent of the fruit spurs. 
Isolations from infected twigs and fruit spurs yielded Sclerotinia laxa only. 
The greatest damage on Montmorency was to the blossoms (Pig. 2, B) and 
fruit spurs. The infections advanced down the pedicels and invaded and 
killed the fruit spurs. Cankers were often found on twigs at the base of 
fruit spurs. Because of the destruction of fruit spurs and leaf cluster 
buds by S. laxa, shoots with only a few inches of fruit-bearing wood at the 
tips are found in abundance. 
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Fig. 3. A. Sporodochia of Sclerotinia laxa on mummies. B. Sporodoeliia of S, laxa 
on fruit spur on 1-year-old twig. C. Sporodochia on blossoms blighted by 8. laxa the 
previous year. D. Sporodochia on fruit spur and twig tip blighted by 8. laxa, (A^, B, 
and C, Montmorency cherry; B, Boyal Ann cherry.) 

The greatest damage to the sweet varieties was from blossom blight and 
fruit decay. Spur and twig blight was of little importance. 

On both sweet and sour varieties sporodochia were found developing 
abundantly on cankers, blighted fruit spurs (Pig. 3, B, D), and mummies® 
(Pig. 3, A) hanging on the trees from December through March. Sporo- 
dochia were found also on leaf petioles, and pedicels and calyxes of blossom 
clusters (Fig. 3, C) that had been blighted the previous year and were still 
remaining on the trees. On February 1, 1939, a count in orchards in the 
Kent district, King County, showed that fresh conidia were developing on 
46 per cent of the mummies hanging on trees. On February 16, 1939, 31 

8 The fruit on trees affected with pink-fruit (PL Bis. Rptr. 23: 10-12, 1939) and 
those affected by the fruit fly and fruit worm usually are left on the trees at harvest 
(Pig. 2, B). The majority of these become infected 8 clerotinia spp. 


Western Washington, 19S8 to 1940, inclusive 
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per cent of the mummies in the Rosedale area, Pierce County, showed 
sporalation. On February 24, 1939, 25.5 per cent of the mummies on 
Vashon Island, in Puget Sound, were producing conidia. 

Isolations were made during the years 1938 to 1940, inclusive, from 
specimens collected at random throughout orchards in the Puget Sound 
area and in several orchards in Clark and Whatcom Counties. The results 
of the isolations are presented in table 1. 

Isolations from brown-rot-affected mummies overwintering on trees and 
from cankers on twigs yielded only Scleroiinia laxa. Both 8. fructicola and 
S. laxa were found responsible for blossom blight and fruit decay. In a few 
cases, plantings of conidia from blossoms yielded S. fructicolaj while isola- 
tions from the surface-sterilized pedicels of the same blossoms yielded 8. laxa. 
Plantings of conidia from the surface of a few^ fruits yielded 8. fructicola, 
while isolations from the interior of the same surface-sterilized fruits yielded 
8. laxa. Since both species were obtained from the same specimens in only 
a few instances, these were omitted from the table. 

Inoculations with 8cleroiinia fructicola into twigs failed to produce defi- 
nite cankers. When blossoms were inoculated with 8. laxa the infections 
advanced into the fruit spurs and, in approximately 5 per cent of the eases, 
continued into the twigs, where cankers w^ere formed. Sclerotinia fructicola 
did not advance from blossoms into fruit spurs. 

The methods by which Sclerotinia fructicola overwinters on cherry have 
not been determined. Although only limited observations have been made, 
apothecia have not been found on cherry mummies. Isolations from mum- 
mies overwintering on trees, and from twigs and cankers indicate that 8. 
fructicola does not overwinter on these parts. However, the high percent- 
age of blossoms infected with 8, fructicola in the spring indicates that large 
populations of spores of this species were present in the orchards in some 
localities at blossoming time. 

SCLEROTINIA SPP. ON PEACH 

Peaches are not grown extensively in Western Washington. Most of the 
plantings consist of one to several trees for home use or from 1 to 5 acres 
for local trade. The smaller plantings usually are included in orchards 
with other stone fruits. 

The investigation on peaches was conducted in Clark County in plant- 
ings within or adjoining prune orchards. Abundant sporodochial develop- 
ment was observed from January to mid- April on blighted twigs, cankers 
(Fig. 4, B), and on mummies (Fig, 4, C and D) hanging on trees. On 
March 1, 1938, 62 per cent of the mummies hanging on trees showed heavy 
eonidial development, while none was obvserved on mummies on the ground. 
Infection took place through blossom-buds and blossoms, and usually ad- 
vanced into twigs, where cankers were formed (Fig. 4, A). Cankers often 
girdled the twigs and smaller limbs, causing death to the parts above the 
cankers. Abundant eonidial formation took place on blossoms and decayed 
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fruit. Infection also extended from decayed fruits into twigs (Fig. 4, D) 
and down twigs (Fig. 4, C). Of the varieties observed Elberta and Craw- 
ford appeared to be the most susceptible to blossom and twig infection. 

Eesults of isolations made in 1938 and 1939 from infected mummies, 
twigs, cankers, blossoms, and fruits were as follows : 


Fig. 4. A. Peach twigs showing cankers at the base of blossoms blighted by Sclero- 
tinia laxa, B. Canker on twig caused by S. laxa showing sporodochia at base of blighted 
fruit spur. C. Twig showing distance infection had advanced from mummy caused by 
B. laxa, D. Twig showing canker at base of blighted fruit spur. Attached mummy shows 
an abundance of sporodochia of S, laxa. 

From 502 mummies (conidia on the surfaces) — 472 Sclerotmia laxa and 
30 S. frueticola. 

From 264 twigs and cankers— 264 S. laxa. 

From 276 blossoms — 276 S. laxa. 

From 322 mature fruits— 110 luza and 212 /S. /nmfeote. 

Unlike the isolations from cherry Sclerotima fruciicola was 

isolated from conidia developing on peach mummies that had overwintered 
on the trees. Isolations from twigs and cankers yielded only S. laxa. In- 



726 


Phytopathology 


[VoL. 31 


oculations with conidia of S. fructicola from prune and peach into 1- and 
2-year-old peach twigs failed to produce definite infections, while inocula- 
tions with S. Idxd from peach mummies produced cankers that spornlated 
abundantly the following spring. Although peach blossoms were blighted 
when inoculated with conidia of S. fructicola^ this species was not isolated 
from naturally infected blossoms. This may be because of the greater sus- 
ceptibility of blossoms to infection by d. laxa or to the absence of a large 
population of spores of S. fructicola, since peaches usually bloom prior to 
apothecial development of S. fructicola in adjoining prune orchards. 
Apothecia have not been observed developing from peach mummies. As in- 
dicated by isolations a greater number of fruits were infected by S. fructi- 
cola than by S. laxa. This may be because of a greater susceptibility of 
fruit to 8. fructicola or to the relatively large population of spores of 8. 
fructicola that are present during this period of the year. It was not un- 
common to obtain 8. lam from the interior and 8. fructicola from the sporu- 
lating surface of the same fruit. 


SCLEROTINIA SPP. ON ITALIAN PRUNE 

There were approximately 7,192 acres of Italian xirunes in Western 
Washington.^ The industiy is localized, with approximately 6,500 acres 
reported in Clark county. Since 1936 it is estimated that 1,000 to 1,200 
acres have been taken out of prune production. The investigation on Italian 
prunes was carried on in Clark county where brown rot is well established. 




MUMMIES 

It is w^ell established from previous investigation that mummies affected 
with Sclerotinia fructicola, overwintering on or just beneath the surface of 
the soil, play an important part in maintaining this species from year to 
year. However, the part played by mummies overwintering on trees has 
not been established. Observations of mummies on trees in orchards in 6 
widely separated districts during March, 1938, showed heavy sporulation of 
various fungi. Isolations from conidia developing on over 500 mummies 
collected from the various orchards showed that Cladosporium spp. and 
Penicillium spp. were predominant. Sclerotinia spp. were obtained only in 
orchards in which apricot, peach, or cherry trees were growing. In one 
orchard where rows of prune and peach trees were interplanted, 8, laxa was 
isolated from 11 per cent of the mummies overwintering on the trees (Pig. 
5,0). 

Mummies, overwintering on trees and showing evidence of Monilia 
sporulation, were collected during the months of March and April of 1938 
to 1940, inclusive. One to several plantings of the likeliest looking spore 
mavsses were cultured from each mummy. From 465 such mummies, 87 
yielded cultures of 8. laxa, 3 cultures of 8- fructicola, and 375 cultures of 
miscellaneous fungi, mostly and Cladosporium Bpccies, 

Of Farm Management and Agrienltnral Eco- 
nomics, W ashington Agricultural Experiment Station, 1937. 
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Apotliecia developing from mummies (Fig, 5, A) and fragments of mum- 
mies were found in abundance on the ground under prune trees during 
April, 1938 to 1940, inclusive. In 1938, the first apothecia were observed 
April 4, with maximum production around April 15. In 1939, the first 
apothecia were observed on April 1, none of which was sufficiently mature 
to discharge ascospores. In 1940, numerous apothecia were observed on 
March 26 ; only a few were mature enough for ascospore discharge. Isola- 


Fig. 5. A. Apothecia developing from mummy overwintering on the ground. B. 
Tips of Italian-prune twigs blighted by Sclerotinia laxa. C. Mummy overwintering on 
on tree showing sporulation of §. laxa, D. Twigs showing dead streak extending down- 
ward from point of attachment of mummies. Note lack of Monilia sporulation on mum- 
mies resulting from infection of S, fructicola, 

tions were made from apothecia of different sizes collected in 1938 and 1939 
from orchards in 6 localities in Clark County. Apothecia, from 408 mum- 
mies, yielded cultures of 8. fructicola only. 


Blossoms 


The first blossoms of Italian prune open approximately on the same date 
that the first apothecia begin to discharge ascospores. By the time the trees 
have reached full bloom the apothecia have reached their maximum pro- 
duction. 

Sclerotinia laxa has not been obtained from prune blossoms, even in 
prune orchards where peach and cherry trees were planted. It is not defi- 
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nitely iindex’stood what part S. friicticola plays in causing blossom blight. 
Coiiidia are produced in abundance on blossoms that are injured by thrips, 
Taeniotkrips inconsequens, and those that normally drop from other caiisesd*^ 
Eyen though eonidial foimiation had been observed on the calyxes of blos- 
soms, fruit continued to develop. Although the calyxes of blossoms showed 
heavy eonidial formation, the organism did not advance from the cal^^x into 
and down the healthy pedicels. Hundreds of open and unopen blossoms 
were inoculated with eonidia and ascospores of 8. friictioola, and conidia 
of 8, laxa. The blossoms, especially those inoculated by placing conidia of 
8, fmeticola into the open flowers with a camel-hair brush, showed burning 
on the stamens, styles, petals, sepals, and calyx cups 4 to 7 days after in- 
oculation. There was, however, no evidence of infection advancing down 
the pedicels. There was no significant difference in the set of fruit on 
inoculated and noninoculated blossoms. When inoculated blossoms were 
placed on culture media, those inoculated with 8. frucUcola yielded 8. fruc- 
ticola, those inoculated with 8, laxa yielded only 8. laxa. However, many 
of the blossoms inoculated with 8. laxa yielded mixed cultures of 8. laxa and 
8. friicticola. When noninoculated, apparently healthy, blossoms, collected 
from widely scattered orchards, were placed on culture media, from 56.8 to 
100 per cent yielded cultures of 8. friicticola. On June 8, 1938, 1,000 dried 
blossoms hanging to twigs were collected from various orchards in Fruit 
Valley and placed on culture media. 8clerotmia fructicola developed from 
93 per cent of the blossoms. Sections of green leaves, twigs, and bark from 
larger limbs were placed on culture media with the result that 50 to 85 per 
cent of the plantings yielded 8. fructicola. This showed that 8. fructicola 
spores were present in great abundance in those orchards in which the isola- 
tions were made. 

Shedders 

The occurrence of shedders, fruits that fail to develop after reaching 
one-half size or larger, has been reported by the writers (4). The majority 
of these shedders drop in July and August. From 11.6 to 62 per cent of 
shedders found on the ground showed Monilia sporulation on September 1, 
1937. Prom less than 1 to 3.8 per cent of the shedders on the trees in the 
same orchards showed Monilia sporulation. Conidia from 100 of these 
sporulating shedders wnre cultured and all produced 8. fructicola. There 
were no apricot, peach, or cherry trees planted in these orchards. A survey 
of these same orchards just prior to harvest, September 11, showed If omZia 
sporulation on 15 to 46 per cent of the shedders on the trees. 

Isolations from discolored pedicels and discolored flesh of shedders not 
showing Monilia sporulation yielded slow-growing, white, cottony, non- 
sporulating colonies. Identification of this organism, designated as culture 
No. Sf.O. f, has not been made. 

^0 Prune trees in Clark Oonnty are normally lieavily laden with blossoms. Every year 

F the blossoms* fail to set fruit and either fall or wither and remain 
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Isolations from the interior of 561 shedders collected at random in 4 
orchards in Fruit Valley, and showing* Monilia sporulation, yielded 285 cul- 
tures of Sclerotinia fructicola and 276 cultures of the unidentified organism, 
(Culture No. S.C. 1). 

Fruit 

Infection of immature fruit on trees by Sclerotinia fr%icticola seldom was 
observed before the fruit turned color and began to soften, even under 
moisture and temperature conditions favorable for the development of the 
causal organism. Isolations from immature fruit, showing Monilia sporu- 
lation, collected from trees in a number of widely scattered orchards during 
1938 to 1940, inclusive, yielded only S, fructicola. Although S. laxa caused 
decay when inoculated into immature fruit on trees, the development of 
lesions was slow in comparison with the development of decay caused by 
8. fructicola. Upon maturity the fruit becomes more susceptible to fungous 
invasion. In Clark County, where much of the fruit is dried, harvest is 
delayed until the fruit has reached the ^^soft ripel^ stage. The fall rains 
usually begin a week or two previous, and, from then until harvest, weather 
conditions are usually favorable for brown-rot development. Infections 
take place readily through minute cracks in the skin of the fruit that are 
caused by rain. External conidial formation takes place within 36 hours 
after infection under warm, highly humid conditions. 

The results of isolations made from infected mature fruit collected at 
random in orchards located in widely scattered districts are presented in 
table 2. 


TABLE 2. — MesuUs of isolations from infected mature Italian prime fruits in Clarlc 
County, 19SS to 1940, inclusive 


Orchard 

No. 

District 

Total No. of 
isolations 

Number of 

S. fructicola 

Number of 

S. laxa 

Number of 
culture 

S.C. la 

1 

Fruit Valley 

76 

66 

10 

0 

2 

Fruit Valley 

55 

40 

5 

10 

3 

Fruit Valley 

86 

50 

0 

36 

4 

Fruit Valley 

40 

40 

0 

0 

5 

Fruit Valley 

52 

52 

0 

0 

6 

Felida 

111 

111 

0 

0 

7 

Felida 

131 

105 

1 

25 

8 

Walnut Grove 

27 

15 

0 

12 

9 

Fischer 

54 

48 

0 

6 

10 

Mill Plain 

60 

58 

0 

2 

11 

Five Firs 

32 

28 

0 

4 

12 

Minnehaha 

108 

106 

2 

0 


a Culture No. A.U. 1 was isolated from the interior of fruit that showed conidial 
fructification of Sclerotinia fructicola on the surface. 


In orchards where apricot, peach, and cherry trees were not included 
in the plantings only Sclerotinia fructicola was isolated, but in orchards 
that included trees of these other stone fruits 8^ laxa also was obtained. 
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This strongly indicates that apricots, cherries, and peaches are sources 
of infection of fruit of Italian prune by S. laxa. 

Twigs 

It was observed that infection extended from brown-rot-infected fruits 
into the fruit spurs and twigs. Twigs to which decayed fruits (mummies) 
were attached were collected at random in 5 orchards and examined October 
22, 1937, 35 days following harvest. With few exceptions the spurs to which 
mummies were attached were dead. Discolored streaks usually extended 
from the dead spurs into and down the twigs. The streaks or discolored 
areas involved up to one-half or more of the diameter of the twigs, and 
extended from a trace to 6 or 7 inches below the spurs. In many cases the 
twigs beyond the place of attachment of the mummies were dead, indicating 
that the twigs had been girdled at that point. Isolations were made from 
the discolored streaks of 237 twigs, of which 26 yielded Sclerotinia fructicola, 
43 8. laxa, 35 the unidentified organism (Culture No. 8.C. i), and 133 no 
organism. 

On April 5 and 6, 1938, twigs to which mummies of the 1937 crop were 
attached were collected. Of 557 twigs, 537 showed a definite killing of the 
spurs with streaks extending down the twigs (Fig. 5, D). Isolations were 
made from the discolored portions of 136 twigs and neither Sclerotinia 
friLcticola nor S. laxa was obtained. A number of the twigs yielded the 
unidentified organism previously isolated from similar twigs. 

Sclerotinia fructicola and S. laxa, when inoculated into 1- and 2-year-old 
twigs in October and April of 1938 and 1939, failed to develop definite 
cankers, although there was evidence that infection had taken place. Sur- 
veys in orchards in 1937 to 1940, inclusive, failed to reveal the presence of 
cankers or twig infections caused by Sclerotinia spp. However, during 
February, 1941, a few scattered blighted twig tips (Fig. 5, B) showing 
sparse sporodochial development of S. laxa were observed in a young Italian 
prune orchard in which was included a planting of peach trees. Isolations 
were made from developing sporodochia on 40 prune twigs, all of which 
yielded cultures of S. laxa. 

From these studies it is apparent that Sclerotinia fructicola is the pre- 
dominant causal agent of the brown rot of Italian prune, and that S: laxa 
plays a minor role. 

SUMMARY 

Sclerotinia laxa and S. fructicola were found responsible for brown rot 
of stone fruits in Western Washington. 

Isolations were made from mummies (overwintering on trees), apothecia, 
twigs, cankers, blossoms, and fruits of apricot, cherry (sweet and sour varie- 
ties), peach, and Italian prune. The results of the isolations are as follows : 

Apricot: S. laxa from twigs, cankers, blossoms, and fruit. 8 . fructicola 
fromfruit only. 


1941] 


Huber and Baur : Brown Kot on Stone Fruits 


731 


Cherry: S. laxa from mummies, fruit spurs, cankers, blossoms, and fruit. 
8. fructicola from blossoms and fruit. 

Peach: S. laxa from mummies, twigs, cankers, blossoms, and fruit. S. 
fructicola from mummies and fruit. 

Prune : 8 , laxa from mummies, fruit, and twigs. 8 . fructicola from mum- 
mies (.3 of one per cent), apothecia, blossoms, shedders, fruit (green and 
mature), and twigs to which mummies were attached. Unidentified or- 
ganism {8.C. No, 1) from shedders, mature fruit, and twigs to which mum- 
mies were attached. 

Inoculations into blossoms, twigs, and fruit of apricot, cherry, peach, 
and Italian prune were made with 8. laxa and 8. fructicola. Both species 
caused blossom blight on apricot, cherry, and peach ; and, although causing 
infection of various fioral parts of Italian prune, no infection was observed 
to develop into and down pedicels. 8clerotinia laxa caused definite twig 
cankers on apricot, cherry, and peach, but not on Italian prune, while inocu- 
lations with 8, fructicola failed to produce definite cankers. Both 8 , laxa 
and 8. fructicola caused decay in fruit of apricot, cherry, peach, and Italian 
prune. 

Sporodochia of 8, laxa were found on cankers, blighted twigs and fruit 
spurs, and mummies overwintering on trees of apricot, cherry, and peach, 
and on mummies and blighted twigs of Italian prune. 

Apothecia of 8. fructicola were found in abundance developing from 
Italian prune mummies. Apothecia w^ere not observed on cherry or peach 
mummies. 

Department of Plant Pathology, 

Western Washington Experiment Station, 

Puyallup, Washington. 
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BLISTER RUST STUDIES OP THREE PATCHES OP RED 
CURRANTS IN NEW YORK 

Walter H. Snell 
(Accepted for publication November 22, 1940) 

In New York, for the past few summers, the writer has been making a 
study of the question of the menace of cultiYated red eurrants^^ to Pinus 
strobxis because of the blister-rust fungus Cronartium ribicola Pischer, and 
consequently of the necessity or desirability of eradicating these currants 
from gardens. One line of attack upon the problem has been the relative 
volumes of sporidia produced by European black currants (dangerous to 
white pine at a mile and a quarter to a mile and a half), wild gooseberries 
(eradicated only up to 900 feet or less, under ordinary conditions), and 
garden red currants (also supposedly dangerous up to within 900 feet of 
pine.) It has, of course, been long realized that red currants are nowhere 
nearly so susceptible to attack by this fungus as are black currants, or even 
wild gooseberries (5, pp. 21-24). It has been known also that there are 
factors inimical to the production of telia and pine-infecting sporidia, which 
would be expected, even from the small relative amount of infected leaf -area 
of red currants. Some of these factors are (a) the high degree of resistance 
of ma.ture leaves of these plants (1, 2) ; (b) the tendency to produce a single 
set of leaves a season (1, 2); (e) early defoliation of the bushes (4) - (d) 
necrasis of blister-rust spots (5, p. 24 and pi. 5) ; (e) decreased number of 
uredia and telia (5, p. 24) ; and (f ) lowered viability of teliospores and 
sporidia (5, p. 24). As the recent study progressed, these factors assumed 
greater importance, and it became apparent that more information on the 
general subject would be of value, especially since data of a quantitative 
natui’e of the desired sort were lacking. 

The present paper makes no attempt to discuss the subject exhaustively 
• obtained from a detailed study of 3 patches of red currants 

in tile Adiroiidacks. A more complete investigation will follow. 


I 


THE LOON LAKE CURRANTS, WARREN COUNTY 

The data on these currants illustrate two points, i.c., the susceptibility 
t oiilj a small number of the bushes in a currant patch ; the early dropping 

early defoliation of red currants, especiafl^of 

This patch consisted of 6 bushes, of about 2,000 to 4,500 leaves, in a well- 
eultiviitod gaivLneuri-antro^mixedpSrent^^^^ ^These lim-u”* to the 

trom ,1 spc(;ie.s: Siies (Ech^.) Synfe’ (-S piants have originated 

pciraeim Wuif. Hybrid varieties of onrL#*,,, Lam.), 2t. ruhnm L. and S. 

white pine blister i4t, wiiercas tho4 oricmatin^^frnrT''^^ slightly susceptible to the 
liighly resistant to, or perhaps immune fmm thi^ Pf^traeiim are 

refers to tlio highly susceptible Similarly, “black currants” 
native swamp red WraS (II L. Our 

camm Mill.) are not considered in thS iL^tigltoifs™^ black currant (B. ameri- 

• 7S2' ' ' 
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cultivated garden. Only one bush ever showed any appreciable infection; 
the other bushes remained infection-free from season to season or pro- 
duced a few — 25 to 75— infection spots. This situation is not an unusual 
one ; in fact, it has been the rule. In both the Adirondack region and in the 
western counties, never more than 2 out of a row of 6 or 12 bushes in a 
garden have been found more than very slightly infected (a few spots per 
bush), and of ten, not more than 1 out of 12. The explanation of this situa- 
tion is of; no interest here, but the application of the fact is of far-reaching 
importance. In the past, a patch of red currants has been considered ‘^in- 
fected if a single blister-rust spot could be found upon a few of the bushes, 
and “infected bushesl’ have been considered as a source of danger to white 
pine. The important point in the danger of Bibes to white pine is the vol- 
ume of sporidia produced by the former. In addition to the usual low 
susceptibility of any red currant bushes, the susceptibility at all of only 1 
or 2 bushes in a garden row is a very important factor in further reducing 
the potential volume of infective sporidia. 

Concerning defoliation of the various species, Metcalf (4) stated that 
red currants produce telia over a shorter period than do other species of 
Bibes. York et al. (7) reported that, in 1918, in North Conway, New Hamp- 
shire, both black and red currants, “heavily infected,’’ had become defoli- 
ated by the disease by the middle of August. Spaulding (6), however, 
reported the collection of vigorous green leaves as late as September 29 on 
Block Island, Rhode Island, and in New York. Somewhat more extended 
data are available on the black currants because of the use by the writer of 
black-currant material for inoculation purposes over several years, as well 
as because of a special interest in these plants. One patch in the Adiron- 
dacks observed from 1923 to 1927 was not defoliated until the middle of 
September in any year. Two other lots in the same region were observed 
from 1930 to 1938. In 1930, these 2 lots retained the bulk of their leaves 
and maintained their high degree of infection until September 1 ; then the 
leaves began to fall and to become inferior for inoculation purposes. In 
1931, the bushes were normally vigorous until September 6. In 1932, the 
corresponding date was August 20, in 1936 it was September 1, and in 1937 
and 1938 it fell on September 6. The latter date was the last on which they 
were examined in any year. 

The situation is about the same with wild gooseberries as with black cur- 
rants. Very rarely, because of drought, leaf-eating larvae, and leaf -spot 
diseases, the bushes may be defoliated by mid- August. As a rule, however, 
defoliation does not occur until late September, Not infrequently, even 
in northern New York, the bushes may retain almost all their leaves until 
the ground freezes in October. Spaulding (6) mentions leaves of Bibes 
cynosbati which remained on the bushes until Deeembei\ 

On the other hand, in the Adirondacks, the red currants produce telia 
in quantity over a shorter season ; in fact, the higher the percentage of infec- 
tion the earlier the leaves drop, the more heavily infected leaves falling 
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flrst.2 Figure 1 presents the data on 2 of the bushes side by side in the Loon 
Lake garden in 1938, one heavily infected for red currants, and the other 
not infected at all. This is not an isolated case, but one of many similar 
situations. 

Important points to note in figure 1 are the following: (a) The sudden 
decrease in the number of leaves on the infected bush after August 1 as 
compared with the noninfected bush, (b) The decrease in leaf area and in 
the amount of infected leaf area on the infected bush between July 25 and 
August 3, prior to the pronounced decrease in the total number of leaves 
on the bush. This condition was the result of the loss of all the most heavily 
infected leaves in those 9 days, many of which were of the larger sizes, (c) 
The pronounced decrease in the amount of infection from August 3 to 19 
from 4.6 per cent to 1/40 of 1 per cent, covering only 2.04 sq. in. of leaf 
surface, as compared with only a 30 per cent reduction of the number of 
leaves on the bush in the same period. 

Another point of interest will explain the one prominent irregularity in 
the curves — the hump in the curve for the total leaf area of the infected 
bush between August 15 and September 1. This hump means that there 
was an unexpected irregularity of decline in the total leaf area for that 
period, while there was not this discrepancy in the number of leaves in that 
period. The explanation is that as a large number of old, chiefly infected, 
leaves fell after mid- August, their places were taken by new leaves that 
made the total number on August 19 appear about as expected from the 
curve. The total area, however, was larger because the rapidly expanding 
new leaves attained a larger size than did their predecessors. 

In this connection, it should be noted that here is evidence that the red 
currants, at least occasionally, do form a second set of leaves during a season, 
especially on bushes that are infected to the maximum degree. On non- 
inf ected or more lightly infected bushes, this is not the ease (2). 

As an incidental fact from the data on this lot of bushes, it is observed 
that the percentage of infection of the infected bush was 6.6 per cent, on an 
area basis. This was the highest infection for red currants noted by the 
wTiter in New York State up to the time of the study of the plot. 

THE CROWN POINT CENTER CURRANTS, ESSEX COUNTY 

In the summer of 1940, Blister-rust Foreman Charles Cleland showed 
the writer some red currants on the American Steel and Wire Company 
property, 7 miles west or northwest of Crown Point Center. This row of 
currants consists of 10 uncared-for bushes along a wall on an abandoned 
farm. These bushes are in a clearing that runs approximately east and 
west, about 180 ft. wide, extending 300 ft. west of the bushes and 550 ft. 
east. The clearing slopes up-hill to hardwoods on the north, up-hill to an 
old field over the hill to the west, down-hill to an alder brook on the south 
and is level to hardwoods on the east. 

2 On the red currant bushes herein reported, infection of leaves by other fungi such 
as Irloeosponum, was so light as to be of no consequence from the standpoint of deMiation. 
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When first inspected — early July — it was obvious that there was much 
of interest in this patch of currants. Some of the bushes seemed very 
heavily infected, for red currants, the leaves were apparently falling 
rapidly,® and a great deal of the infected area appeared to have died without 
the production of telia. Accordingly, rather detailed studies were made on 
July 17 and 30. 


In the first instance it was found that 4 of the 10 bushes were 5 to 6.7 per 
cent infected, 4 were 2 to 3.5 per cent infected and the other 2, .7 to 1.5 per 
cent infected. The 10 bushes bore 286 to 5,415 leaves, with a total of 15,746, 
and a total area of 39,731 sq. in. Of this total area 1,236.79 sq. in. were 
covered with blister-rust spots, or 3.1 per cent. This figure is higher than 
any found in premous studies (2.2 per cent), but it must be kept in mind 
that these bushes have received no care for years. In the writer’s experi- 
ence, uncared-for red-currant bushes, as well as red currants that escaped 
from gardens, are more heavily infected than well-cultivated bushes. Bush 
no. 3 was the most heavily infected. On precisely 1,000 leaves with a total 
area of 2,340 sq. in., 18,557 infection spots covered 156 sq. in. for less than 
6.7 per cent infection, the heaviest infection ever found by the writer on a 
red-currant bush, but by less than .1 per cent. 

On July 30, it was observed that over 35 per cent of the leaves in the 
patch had fallen and that the infection of those remaining was less than 2 
per cent, even with nev’ infection spots formed in the intervening period. 
As before indicated, the more heavily infected bushes lost the largest num- 
bers of leaves. For example, bush no. 1, originally found to be .7 per cent 
infected, lost 3.4 per cent of its leaves; bush no. 10, 1.5 per cent infected, 
lost 18 per cent ; bush no. 9, 2 per cent infected, lost 47 per cent ; and the 
other bushes, 3.5 to 5.5 per cent infected, lost 47 to 77 per cent of their 
leaves (bush no. 3 had been pulled up before July 30 for more detailed 
investigation). 

When first considered, the most noticeable feature of these bushes was 
the apparently tremendous proportion of the infected area that was necrotic 
or, even though alive, was producing few uredia and telia. The extent of 
necrotic area on all the bushes varied from 68 to 93 per cent, with a figure 

•P ’ll studies were made of bush no. 3 

with 83 per cent of its infected area necrotic. Of the 156 sq. in. infected’ 
131 sq. in. %vere dead and bore no telia, and 25 sq. in. alive, with about 10 
sq. in bearing telia and 15 bearing uredia. On the 10 sq. in. with telia, 
the latter appeared to be dead. Whereas, in other studies, it has been 
figured that red currant under optimum conditions produces 2400 telia 

tliat there were only 

thk Zb ^ or 41 per sq. in. of infected area. In other words,. 

or wn^^nTfb as compared with black currant 

wibouf 4 n ' ’ el production of sporidia further reduced 

by about 64 per cent because of the premature dying of the infection spots 

See footnote 2. 
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before telia and, sometimes, even uredia, could be produced. Fifty-six sq. 
in., or 36 per cent of the infected area, had formed neither uredia nor telia 
before the spots died, and 10 sq. in., or 6.5 per cent, had only 2 to 5 uredia 
per infected spot. 

This 78 per cent of infected area of all bushes in the row, found to be 
necrotic on July 17, appears tremendous, but, on July 30, it had increased. 
On the 9 remaining bushes (without bush no. 3, which had been removed), 
93 to 100 per cent of the infected area was dead, or 96.5 per cent for the 
entire remaining row. 

Another point of interest and of importance in this vital matter of the 
reduction of potential sporidia production by red currant is the shortness 
of the telia found on these Crown Point bushes. Careful counts, especially 
on bush no. 3, showed that 95 per cent of the telia present were short ones — 
22 to 50 per cent of the length of normal ones on these bushes and others in 
other localities. Telia, considered as normal, were 800-1360 q long, whereas 
these short ones were 300-400 jj long. Furthermore, there is no knowing 
whether these short telia were viable or not, since germination studies of the 
teliospores could not be made at that time. All that can be said is that a 
goodly proportion of the telia appeared to be dead, if color and the much 
shriveled form are criteria. At least, it was determined that on most of 
these short telia, the teliospores had not germinated prior to the time of 
examination. 

There is another point of interest in the data from this lot of currant 
bushes. In the earlier observations it was found that the older dead spots 
on the leaves averaged .0112 sq. in., while the fresh, live ones on the leaves 
at the same time, bearing uredia and perhaps telia, averaged .00347 and 
.0038 in two sets of measurements. Many of these later-formed spots were 
so small that they bore only a single uredium. The interpretation of these 
facts would appear to be that in the case of the spots formed earlier, the 
fungus encountered less resistance and formed larger spots, while, on the 
other hand, as the leaves matured they became more resistant, as has been 
quite generally accepted for a long time (2). 

THE JOHNSBURG RED CURRANTS, WARREN COUNTY 

Another patch of red currant, 6 in number, was located on an aban- 
doned farm in Johnsburg in July, 1940. These bushes were studied in much 
the same manner as the lot just discussed, but not in so much detail. 

Three of the bushes were 3 to 5 per cent infected and 3 were .05 to .1 per 
cent; the infection for the entire row was 2.6 per cent. Again, as in the 
Crown Point Center currants, 3 of the 6 abandoned bushes were more 
heavily infected than is the case with bushes in well-kept gardens. 

It was observed that the leaves were dropping at about the same rate 
and under the same conditions as in the Crown Point patch. The necrotic 
area ran from 74 to 100 per cent, and was 75.6 per cent of the total infected 
area for the entire row. The situation with regard to the shortness of the 
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telia was tlie same as tliat noted for Crown Point Center about 95 per cent 
of tliein being equally sliort. 

discussion 

Since tMs paper consists of a presentation of data on 3 lots of red-cur- 
rant bushes in New York, it may be well to discuss the general applicability 
of these facts to the entire red-currant situation. 

It already has been stated that the failure of 4 or 5 out of 6, or 10 or 11 
out of 12, bushes in a garden patch to become infected is nothing unusual, 
but quite the rule as found since 1923, both in the Adirondacks and in the 
western counties. In this connection, attention should be called to the 
words ''in a garden ’ —ref erring to bushes that are more or less cared-for, 
on cultivated soil. The statement that never more than 1 or 2 red-currant 
bushes in a row or patch are infected heavily for red currant does not apply 
to uncared-for, uncultivated bushes on abandoned farms, etc., for it has 
been found that such red currants are as a group always mox’e heavily 
infected than cultivated bushes. The same is true tor Bihes sativum plants 
growing wild (commonly called "escaped bushes” or "escapes”)- 

The low degrees of infection of red currants exemplified here are un- 
usual only in that they are rather high for the writer ^s experience in the 
Adirondacks, and very high for the western counties. 

The early dropping of infected leaves and advanced defoliation of red 
currant bushes are general phenomena; the behavior of the plots here 
reported is typical. 

With regard to the necrosis of blister-rust spots on red currant, the 
situation may be different. This phenomenon was not studied by the writer 
before 1940, although he has had a general idea from casual observations 
that from 25 to 50 per cent of the spots on these plants ordinarily become 
necrotic before the production of telia and sporidia. The two lots of cur- 
rants reported here as having a tremendously high mortality of the blister- 
rust spots both consisted of uncared-for bushes on abandoned farms, and 
were studied during the same season. There is no way of knowing whether 
this extreme degree of necrosis is because of lack of care of the bushes — • 
their somewhat wild mode of life over the last few or possibly many years — - 
or whether such a high degree of necrosis is attributable to seasonal or cli- 
matic phenomena. Kimmey states (3) that necrosis of spots is most acute 
in dry seasons. It so happens that in the Adirondacks in late June and 
during July, 1940, while very cool at first and then very hot and humid, 
there was much more rain than for several years. For example, in Warrens- 
burg and vicinity, there was some rain on 16 days of the 31 in July. There 
was a very light shower on one day, there was one all-day rain, and on the 
other 14 days, the rain varied from a very heavy shower to several showers 
or steady rain for 2 to 12 hours. In the last 2 weeks of July, the growth of 
fleshy fungi in the woods was much more prolific than in any season since 
the very wet ones of 1926 and 1928. 

In any event, the facts on necrosis of spots are given only for what they 
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are worth • before general conclusions are drawn, these facts should be sup- 
ported by similar results obtained elsewhere and over a period of time. On 
the other hand, most blister-rust workers have noted the necrosis of infec- 
tion spots for many years, and some have commented upon them. It is ver,y 
important that the dying of these infection spots before the formation of 
telia, or before the telia may germinate, or even before uredia can be formed, 
should be given serious consideration in making generalizations about the 
danger of red currants to white pine. It is certain that, at least upon occa- 
sion, through necrosis of the infection spots, the blister-rust fungus on red 
currants may be reduced to complete impotence from the point of view of 
its ability to produce sporidia, and hence, to infect pine. 

In general, the same may be said of the data upon short telia on the last 
two lots of currant discussed, as was said of the factor discussed just above. 
It is not known how general this situation is on red currants j but, again, 
this factor ought to be given due weight in any study of the epiphytology 
of red currant and in conclusions concerning their relation to the destruc- 
tion of white pine. 

In any event, all the factors here discussed are very important in reduc- 
ing the total volume of sporidia produced on the relatively resistant red 
currants and it appears to be more than likely that in the vast majority of 
cases, sporidia production by red currants may be so reduced as to make 
these bushes of little moment in the infection of white pine. It should be 
kept in mind also that there are other operating limiting factors that are 
not discussed in this paper. 

SUMMARY 

From the point of view of the white-pine blister rust, the most important 
aspect of any species of Ril)es is its susceptibility to the blister-rust fungus 
and the consequent potential volume of sporidial inoculum. As compared 
with other species, the relatively resistant red currants are more alfected by 
various factors that limit the production of this inoculum. The results of 
studies of 3 patches of currants are used to illustrate certain of these factors. 

It is shown that only 1 or 2 bushes in a row of 6 or 12 are more than very 
slightly, if at all, infected. It is shown that infected red-currant leaves are 
dropped very eaidy in the summer, that red-currant bushes are defoliated 
much earlier than black currants or wild gooseberries, and the earlier, the 
more infected they are. In other words, the blister-rust season for red 
currants is customarily a short one. 

In 2 lots of neglected currants growing on abandoned farms, 75 to 96 
per cent of the infection spots were necrotic before the end of July, 1940, 
before telia and, sometimes, even uredia, could be produced. On 1 bush, 
only 6468 telia were observed, or at the rate of 41 per sq. in., instead of 
2400 per sq. in. under optimum conditions. Furthermore, on these bushes 
95 per cent of the telia were only 22 to 50 per cent as long as those consid- 
ered normal for red currant, and most of these apparently were dead. 
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On the bushes of these same 2 patches, the earlier-formed, dead infec- 
tion spots were .0112 sq. in. in area, while the fresh, live spots averaged 
about .0036 sq. in., with some of them so small that they bore only a single 
ureclium. 

Conservation Department^ 

Albany, N. Y. 
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SPORULATION INJURY ASSOCIATED WITH DOWNY-MILDEW 

INFECTIONS 

C . E . Y A E W 0 0 D ^ 

(Accepted for publication December 2, 1940) 

Sporulation of downy mildews involves a growtli and maturation of the 
sporangiophores and sporangia during a few hours at night. This process 
results in injury to the host, as has been recorded by McKay*^ for the downy 
mildew of onions. Quantitative measurements of this injur}^ and attempts 
to determine its cause are here reported. 

MATERIALS AND METHODS 

The downy mildew of onion {Peronospora destructor (Berk) Caspary), 
the downy mildew of hop (Pseudoperonospora himiuli (Miy. and Tak.) 
Wilson), and that of spinach {Peronospora efftisa (Grev.) -Ces.) w^ere used 
in this study. For quantitative observations artificially inoculated leaves or 
pots of plants were paired or suitably grouped before the treatment in- 
volved in this study. The downiy mildew of hop ivas cultured on detached 
leaves in the laboratory, and opposite leaves were used as paired samples for 
contrasting treatments. The other downy mildews were cultured on potted 
plants in the greenhouse. 

MAGNITUDE OP SPORULATION INJURY 

Onion leaves on which downy mildew sporulation has occurred die sooner 
than similarly infected, but iionsporulating, leaves. Differences in green 
weight of infected tissues that had sporulated and in that of comparable 
tissues that had not sporulated were used as a quantitative measure of 
sporulation injury. To induce sporulation infected plants were incubated 
overnight in dark moist chambers at about 15° C., under which conditions 
the fungi studied usually sporulated luxuriantly. The control plants were 
held on the dry greenhouse bench and did not sporulate. In some tests the 
control plants were sprayed with 2 per cent lime-sulphur or 2 per cent 
rosin-lime-sulphur, and incubated in the moist chamber with the uonsprayed 
plants. The lime-sulphur was effective in preventing sporulation, but 
caused host injury in some tests. Its use was discontinued. The vapors of 
benzene were applied in some tests to inhibit sporulation, but the effective- 
ness of the vapors from dilute lime-sulphur in inhibiting sporulation of 
several downy mildews was not known at the time most of these tests Avere 
eonducted. Before and after incubation for sporulation the sporulating and 
Iionsporulating plants were maintained in the same environment. After an 
arbitrary period following sporulation the green weight of the test leaves or 

1 The writer acknowledges the assistance of J. P. L. Childs and H. Schneider in 
making some of the measurements reported here. 

2 McKay, R. Observations on onion mildew caused by the fungus Peronospora 
schleideniana W.G. Sm. Jour. Roy. Hort. Soc. 54 : 272-285. 1939. 
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plants was determined. In the tests prior to April 15, 1938, paired pots of 
inoculated seedling onions were used as the test material, and all plants in 
each pot were harvested by cutting them at the ground line. In 8 such tests 
with 1 to 15 pairs of pots in each test the green weight per pot of plants 
incubated for sporulation averaged from - 2 to 24 per cent, with an average 
of 13 per cent less than plants that had not been incubated to induce sporu- 
lation. In such tests, however, there usually w^ere some noninfected plants ; 
and, as the growth of these plants was greater than that of the infected 
plants, this method gave small differences wdth large errors. 

All tests subsequent to April 15, 1938, are summarized in table 1. In 
the test of April 15 the plants were incubated on the day before weighing 
and the few nonsporulating plants were discarded. The green weight of 
the infected plants is given as yield per pot or yield per plant. The yield 
per living plant indicates a smaller difference, because of sporulation, than 
the yield per pot because some of the smaller plants on which sporulation 
had been induced had died. In the test of May 21 locally infected onion 
leaves on plants grown from bulbs w^ere paired before sporulation and each 
leaf was marked 10 cm. from the tip. Five days later, at which time the 
spoxmlating leaves were mostly collapsed while the nonsporulating leaves 
'were turgid, the leaves were cut off at the mark and weighed. The green 
weight of the sporulating leaves averaged only half that of the nonsporu- 
lating leaves. In the test of May 15, 12 cm. of leaf on systemically infected 
plants were harvested after 10 days and the weight of the sporulating leaves 
averaged only one-fourth that of the nonsporulating leaves. In all tests 
reported in table I, except one test of hop mildew, the reduction in green 
weight associated with sporulation w^as highly significant. That the injury 
from sporulation of hop mildew is less than that of onion mildew is in ac- 
cordance with field observations, but severe sporulation injury from spinach 
mildew in the field, as indicated by these tests, has not been observed by the 
■writer. 

In 2 tests with onion and 2 with hop, healthy leaves or plants were sub- 
jected to the same incubation period and treatment as the diseased plants. 
In these tests there was no apparent consistent effect of the incubation treat- 
ment on the green weight of healthy tissues. The results of table 1, there- 
fore, can fairly safely be attributed to the sporulation of the fungus and 
not to some direct environmental effect. 

In addition to the evidence of sporulation injury presented in table 1, 
indirect evidence is believed to be apparent in field data. In the 1938 tests 
of fungicides for the control of onion mildew at Milpitas, applications of 
rosin-lime-sulphur and malacite-green produced increases in yield (Table 
2) that are apparently out of proportion to the effect of these sprays in 
reducing infection. For example, fortnightly applications of rosin-lime- 
sulphur and of cuprocide resulted in about equal downy-mildew infection 
as of May 24, but the rosin-lime-sulphur plots outyielded the cuprocide 
plots by about 8 times. The writer believes these differences in yield may 
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be attributable in part to the rosin-lime-sulphur and inalachite-gTeeii in 
inhibiting sporulation of onion mildew, while the effect of euprocide on 
sporiilation was less pronounced. This evidence is, of course, not conclusive. 

TABLE 2. — Fungicidal coiitrol of onion downy mildew. Milpitas, California, 1938. 
Yellow Bermuda. Bandomized plots 10 feet long. Applications February 25 : March 4 
14, 21, 20; April 6, 13, 20, 21; May 6, 16, 22 


Treatment 

Number 

of 

plots 

Avera^ 

Erect 
seed stalks 
April 27 

^e results pei 

Per cent 
seed stalks 
infected 
May 24 

■ plot 

Grams 

cleaned 

seed 

Control . 

1 10 

68 

59 

2.67 

2% rosin-lime*sulplmr weekly 

4 

90 

25 

100.7 

2% rosin-lime-sulphur fortnightly 

4 

88 

29 

39.2 

0.25% euprocide CSQa weekly 

3 

96 

19 

46.2 

0.25% euprocide + CSO fortnightly 

2 

66 

29 

4.32 

0.2% malachite-green + SS3b weekly 

2 

91 

20 

38.9 

0.2% malachite-green -f SS3 fortnightly... 

2 

78 

45 

9.29 


cniprocide cxiiwaoiiiviu. vva.m was usuu as a supplement lor 

green spreader (SS3) was used as a supplement for malachite- 

EPB''ECT OP DOWNY-MILDEW SPORULATIOlSr ON WATER LOSS 

To determine the effect of downy-mildew sporulation on water loss, 
paired samples of single detached leaves were placed with their bases in 
eotton-stoppered vials of water. One member of each pair was incubated 
overnight in moist chambers to induce sporulation, Avhile the other was held 
in a dry environment. After sporulation the progress of water loss of both 
members of the pairs held in the same environment for several hours was 
determined by periodic weighings. The results of 4 such tests with onion 
and 4 with hop have failed to give consistent results. In the onion tests, 
■with 5 to 7 paired units in each test, the water loss of the sporulating 
leaves was significantly higher than that of the controls in 2 tests, signifi- 
cantly lower than the controls in 1 test, and not significantly different in 1 
test In the tests with hop with 3 to 6 pairs of leaves per test, the water loss 
ot the sporulating leaves ivas significantly higher than the controls in 1 test 
mid not significantly different in 3 tests. From the above information it is, 
therefore, impossible to come to any definite conclusion as to the general 
effect of sporulation on water loss. It appears also that some factor other 
than sporulation may have been responsible for the differences observed 
ut exposure of healthy leaves to the same environmental manipulations in 
3 Tests failed to have any consistent effect on the water loss of the leaves, 
ihe tests of water loss were not arranged to compare properly the water loss 
of noii-sporulating mildewed leaves with that of healthy leaves, but a super- 
ficm examination of the results of 4 tests in which the transpiration of 
healthy leaves was followed simultaneously with that of mildewed leaves 

did not indicate a marked difference. 
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EFFECT OF DOWNY-MILDEW INFECTION AND SPORULATION ON RESPIRATION 

OF ONION LEAVES 

To measure the eifeet of downy-mildew sporulation on respiration, 2 g. 
green weight of onion leaf pieces were placed in 350 cc. rubber-sealed cham- 
bers with 10 cc. of 0.1 N KOH at 16^^ C. in the dark. After an interval of 
14 to 23 hours the KOH solution was titrated with HCl and the amount of 
CO 2 absorbed was calculated. From this was subtracted the amount of GO 2 
absorbed by a KOH blank containing no leaves and the CO 2 of respiration 
was determined. The dry weight of the leaves was ascertained and the 
results are expressed in table 3 as milligrams of CO 2 produced per gram 
dry weight of leaves per hour. In the first 2 tests leaves of greenhouse 
plants were used subsequent to sporulation. In the last 2 tests leaves that 
had not previously sporulated were used, and sporulation was prevented 
on the nonsporulating leaves by adding a drop of benzene to the appropriate 
containers, while sporulation occurred during the respiratory period on the 
nontreated leaves. A few cc. of dilute lime-sulphur were as effective as 
benzene in preventing the sporulation of onion or hop downy mildew in 


TABLE 3 . — Sffeot of mildetv sporulation on respiration of excised onion leaves, 1939 


Date 

of 

test 

Number 
of repli- 
cations 

Hours in 
respi- 
ration 
chamber 

Milligrams CO 2 per gram dry weight of leaf 
tissue per hour 

Healthy 

Mildewed, 
not sporu- 
lating 

Mildewed, 

sporu- 

lating 

Sporulating 
leaves from 
which sporo- 
phores were 
removed 

Oct. 3a 

1 2 1 

23 1 

1.84 

2.14 

2.32 


Oct. 7b 

1 4 

22 

1.44 

2.32 

1.86 

1.79 

Oct. 21c : 

1 2 

14 

0.91 


1.96 


Nov. I'i 

I 2 

17 

0.96e 

1.79 

1.38 


Nov. 8f 

3 

18 

0.94g 

1.80 

1.65 ' 


Averageb 

11 (total) 

1 20 

1.29 

2.01 

i 1.80 ; 



f a Locally infeetecl leaves tliat liad sporulated the previous night, placed in respira- 

i tion chambers at 3 p.ni. Healthy, mildewed nonsporulating, and mildewed sporulating 

leaves of same age and culture. 

Systemically infected leaves that had sporulated the previous night, x)laeed in respi- 
ration chambers at 9 a.ni. 

c Systemically infected leaves excised at 9 : 30 p.m. and placed in respiration cham- 
^ hers. Sporulation of mildewed leaves was luxuriant under these conditions, 

d Locally infected leaves excised at 9 p.m. and placed in respiration chambers. 1 

I dr op benzene in 350 cc. respiration chamber used to prevent sporulation. 

e Healthy leaves with benzene in chamber were uninjured and respired 1.0 mg. GO 2 
under similar conditions. 

f Systemically infected leaves excised 9 p.m. and placed in respiration chambers. 1 
i drop of benzene added to respiration chambers to prevent sporulation. 

; s Healthy leaves with benzene respired 0.95 mg. COo. 

; Oct. 21 data omitted because no test of mildewed nonsporulating leaves was 

i included. 

Increase in respiration due to infection (without sporulation) was 56 ± 13 per cent 
of respiration of healthy leaves (calculated from 11 above paired samples). Increase 
highly significant. 

Becrease in respiration of mildewed leaves due to sporulation was 10 + 4.6 per cent 
of respiration of nonsporulating (calculated from above 11 paired samples). Decrease 
significant. 
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closed diambers, but could not be used in these tests because the KOH used 
to absorb the CO 2 also absorbed the H 2 S from the lime-sulphur and thereby 
reduced the effectiveness of the lime-sulphur in preventing sporulation. 
Although heavier dosages of benzene were definitely injurious, the 1 drop 
of benzene used in these tests caused no marked injury to the leaves and 
had no apparent effect on the respiration of healthy leaves. Units of healthy 
leaves were included in all tests and in one test the respiration of mildewed 
sporulating leaves from which the spoi'ophores were removed by rubbing 
the leaves with cotton was followed simultaneously with the other treat- 
ments. 

The respiration of mildewed leaves averaged 69 per cent higher than 
that of healthy leaves, with the difference highly significant. The respira- 
tion of sporulating leaves was 10 per cent less than that of nonsporulating 
leaves, a surprising effect, and the difference "was significant. The respira- 
tion of mildewed leaves from which the sporophores were removed was 4 
per cent less than that of sporulating leaves from which the sporophores 
were not removed; the difference was not significant (only 4 determina- 
tions). 

THE CAUSE OF SPORULATION INJURY 

The foregoing tests of the effect of downy mildew on transpiration and 
respiration indicate to the writer that these effects are insufficient to ac- 
count for the marked injury associated with downy-mildew sporula- 
tion. A more likely explanation is considered to be the exhaustion of 
nutrients in the leaf and possible formation of toxins in the process of 
sporulation. Some surface area, stomatal and weight relations of sporu- 
lating onion leaves were, therefore, studied. Table 4 presents the averages 
of 2 sets of determinations on systemically infected leaves which had sporu- 
lated for the first time. The most significant item in regard to sporulation 
injury, recorded in this table, is that 5 per cent of the dry weight of the 
infected leaf area may be transformed to sporangiophores and sporangia 
in the course of a single night of sporulation. When it is considered that a 


TABLE 4 . — Surface area and stomatal and weight relations of sporulating downy 
mildew on an onion leaf 


Number of stomata per cm.- of mildewed leaf surface 

Number of sporangiophores per cm.^ 

10,980 

1 560 

Number of sporangiophores per occupied stoma .. 

Percentage of stomata occupied by sporangiophores 

Number of sporangia per sporangiophore 

1.42 

10 per cent 

25 

39,100 

0-14 cm.® 

0.76 cm.® 

0.0279 g. 

0.00226 g. 
0.00012 g. 

5.3 per cent^ 

Number of sporangia per cm.^ of leaf 

Surface area of sporangia per cm.® of leaf 

Surface area of sporangiophores per cm.® of leaf ... . .... 

Green weight per cm.® of mildewed leaf 

Dry weight per cm.® of mildewed leaf 

Dry weight of sporangia + sporangiophores per cm.® of leaf . ....... 

Sporangia + sporangiophores as % of dry weight of leaf 


a Average of 6 determinations. 
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given area of leaf may sporiilate nightly niitil it is exhausted and dies (has 
been observed for 10 consecutive nights), and that the sporophores and 
sporangia are probably formed from labile constituents of the leaf, such as 
those in the cell sap, it is not surprising that the injury from sporulation 
may be so great. 

Other items of table 4 may bear a relation to sporulation injury. For 
instance, about 10 per cent of the stomata may be occupied by sporangio- 
phores in a single night of sporulation. Moreover, the substomatal cavities 
of unoccupied stomatal openings may be occupied by protoplasm-rich 
mycelium, presumably sporangiophore initials for a later sporulation. If 
it be considered that transpiration is mainly stomatal, the plugging of the 
stomatal openings and substomatal cavities by sporangiophores and sporan- 
giophore initials might be a factor in reducing transpiration. On the other 
hand, if transpiration and respiration occur actively in the sporophores of 
the fungus it would be expected that sporulation might greatly increase the 
activity of these processes for the host parasite complex, since the surface 
area of the host fungus combination is almost doubled by the sporulation 
process. Another possibility is that the exhaustion of labile constituents 
from the host cells in the process of sporulation might be responsible for a 
reduction in the respiration of these cells. A likely possibility of sporu- 
lation injury, which was not investigated, was the effect on photosynthesis. 
Photosynthesis might be reduced because of the general exhausting effect 
of sporulation on the host and because of the shading effect of sporangio- 
phores and sporangia. There are other possibilities. 

SUMMARY 

Sporulation injury by the downy mildews of onion, hop, and spinach 
was followed by comparing the green weight of tissues on which sporulation 
had occurred with that of similar tissues on which sporulation was pre- 
vented. The green-weight reduction due to sporulation averaged 55 per 
cent of the green weight of healthy leaves in 3 tests with onion, 17 per cent 
in 2 tests with hop, and 48 per cent in 1 test with spinach. In field plots 
of infected onion plants yield increases from the use of rosin-lime-sulphur 
and malachite-green sprays, which tend to inhibit the sporulation of onion 
downy mildew, were greater than from the use of a cuprocide spra 3 ^, which 
has less effect on sporulation. 

Attempts to determine whether sporulation had any effect on water loss 
of infected onion and hop leaves indicated increased w^ater loss in some tests 
and decreased water loss in others. The respiration of nonsporulating 
mildewed leaves was 56 per cent higher than that of healthy and the respira- 
tion of sporulating leaves was 10 per cent less than that of nonsporulating 
infected leaves. 

On heavil}'" sporulating onion leaves about 10 per cent of the stomata 
were occupied by sporangiophores, and the surface area of the sporangio- 
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pliores plus sporangia was approximately equal to the area of the leaf 
surface. The dry-matter content of the sporangiophores plus sporangia 
produced during the night of sporulation amounted to 5 per cent of the 
dry weight of infected leaves ; and this transfer of host nutrients to the 
fungus is believed to be the feature of sporulation most likely responsible 
for the injury observed. 

Division OF Plant Pathology, 

University op California, 

Berkeley, California. 


EFFECT OF ROOT-KNOT NEMATODE ON TOMATO WILT" 

A. L. Harrison and P. A. Young 
(Accepted for publication December 10, 1940) 

The root-knot nematode, Heterodera marioni (Cornu) Goodey, has been 
suspected of lowering* the resistance of tomatoes to the wilt fungus, Ftisarium 
lycopersici Sacc. Young^ tested many tomato varieties and found that wilt 
resistance was nearly always lessened where the root-knot nematode was 
abundant. In the case of cotton, the reaction of several varieties grown in 
soil infested with, both the fusarium wilt fungus and the root-knot nematode 
is described by Miles. ^ 

Further evidence on this subject was found in a field near Hope, Texas, 
in the Yoakum-Hallettsville tomato belt in 1940. Although the field was set 
with wilt-resistant Marglobe tomatoes, large sections of the field were almost 
a total loss. However, other sections of this field produced a fair crop of 
tomatoes and the differences were distinct to the row (Fig. 1). Apparently, 
Fusanum lycopersici killed the plants, although a distinct correlation 
betw^een the number of root knots and the severity of tomato wilt also was 
noted. 

According to the owner of the crop, the history of the field was as follows : 
Spring crops of tomatoes in 1937 and 1938 had been followed by summer 
crops of peanuts. In 1939, after a spring crop of tomatoes, one part of the 
field was planted again to peanuts, while a second was planted to cowpeas, 
and a third to a mixture of cowpeas and watermelons. In 1940, tomato wilt 
caused almost a total loss following Little Clay and Whipporwill cowpeas, 
severe damage following Blackeye cowpeas (somewhat resistant to root- 
knot) and the combination of cowpeas and watermelons. Only moderate 
damage, however, followed the planting of peanuts (Table 1). Most of the 
tomatoes in the field were harvested in the green- wrap stage from May 20 to 
25. The different sections were photographed on May 27. 

Table 1 and figure 1 illustrate the prominent differences in the preva- 


TABLE 1. — Effect of crops susceptible and resistant to root Icnot on the severity of 
tomato wilt 


Summer crop 

1939 

Susceptibility 
to root-knot 

Percentage tomatoes 
wilted— 1940 

May 9 

May 27 

Peanuts 

Very resistant 

7.5 

33.5 

Blackeye cowpeas 

Somewhat susceptible 

47.5 

85.0 

Little Clay cowpeas 

Very susceptible 

65.5 

95.5 

Whippooi'will cowpeas 

Very susceptible 

68.0 

94.5 

Watermelons and cowpeas 

Both susceptible 

29.0 

80.5 


1 Publisbed with the approval of the Director of the Texas Agricultural Experiment 
Station as Technical Paper No. 630. 

2 Young, P. A. Tomato wilt resistance and its decrease by Eeterodera marioni. 
Phytopath. 29: 871-879. 1939. 

3 Miles, L. E. Some tests of varietal susceptibility to a combination of root-knot 
nematode and cotton wilt. Phytopath. 29: 974-978. 1939. 
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leiice of tomato wilt in the diiferent sections of the above field. Differences 
in the nematode population apparently is the reason for these differences. 
Godfrey^ showed a correlation between the number of root galls and the soil 
population of Ileterodera marioni. In this case, the largest number of root 
knots on tomatoes was found following Little Clay and Whipporwill cow- 
peas, fewer after Blackeye cowpeas, and the smallest number in land follow- 
ing peanuts. These data add to the evidence that root knot decreases the 
wilt resistance of the Margiobe tomato. 


TABLE 2. — Effects of root-'k^iot nematode infection on susceptibility of tomatoes to 
fusarmm wilt 


Variety 

Weighted percentage of 
wilt resistance 

Decrease by root- 
knot infection 

1939 

1940 

1939 

1940 

Aa 

Bb 

■ A 

B 






Per cent 

Per cent 

Blair Porcing 

68 

60 

75 

68 

8 

7 

Bonny Best 



15 

16 


0 

Bohn-Tucker T463c 



100 

100 


0 

Break O’Bay 



65 

50 


15 

Buckeye State 



83 

64 


19 

Early Baltimore T280 

46 

40 



6 


Early Baltimore T353 

57 

53 



4 


Grotiien^s Bed Globe 

67 

49 

70 

47 

18 

23 

Grothen^s Red Globe T319 

75 

62 



13 


Grothen^s Red Globe T320 

62 

53 



9 


Gulf State Market 

35 

26 

48 

29 

9 

19 

Illinois Baltimore 

71 

59 

76 

53 

12 

23 

Illinois Pride 

72 

68 



4 


Long Calyx Porcing 

62 

55 



7 


Louisiana Pink T346 

83 

76 

89 

66 

7 

23 

Louisiana Pink T324 

77 

65 



12 


Louisiana Red 

76 

68 

83 

61 

8 

22 

Louisiana Red T385 

72 

63 



9 


Margiobe 

57 

42 

75 

54 

' 15 

21 

Margiobe TIB 



77 

39 


38 

Marhio 

59 

34 



25 


Marvana ...... 

41 

25 



; 16 


Marvel 

70 

62 



8 


Michigan State 

54 

47 

74 

50 

i 7 

24 

Michigan State T3 56 

60 

49 



i 11 


Norton T289 

64 

55 



1 9 


Prairiana ... 

58 

37 

60 

49 

1 21 

11 

Pritchard ... 

56 

50 

65 

51 

1 6 

14 

Riverside 

71 

58 



i 


Riverside T314 

74 

62 



1 12 


Rutgers 

65 

43 

74 

41 

22 

33 

Rutgers T317 

74 

49 



25 


Rutgers T382 

68 

52 



16 


Stone 

14 

12 

34 

14 

2 

20 

Sureset Porcing 

63 

54 



9 


White-flowered T337 .................... 

61 

48 

70 

55 

13 

15 


a pield practically free from Heteradora marioni, but infested with Fiisarium lyeo- 
persicL 

b pield badly infested with both IT. wanom and E. Zi/copemci 
a Numbers preceded by T represent Texas Station selections. 

4 Godfrey, G. H. Indicator plants for measuring soil populations of the root-knot 
nematode, Heterodera marioni (Cornu) Goodey. Soil Science 38: 3-27. 1934. 
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Additional information on the decrease of tomato-wilt resistance by root 
knot was secured by the junior writer in 1939 and 1940 at Jacksonville, 
Texas, using the same fields, methods of culture, and method of calculating 
wilt resistance as described previously.^ The tw^o red-soil (reclassified as 
Ruston) fields, designated as A in table 2, retained their high degree of 
infestation with Fusdrium lycopersici, and the trace of root knot that ap- 
peared on tomatoes in parts of these fields in 1940 was considered negligible. 
The comparative field, listed as B in table 2, of Norfolk fine, sandy-loain soil, 
which retained a high degree of infestation wnth both F. lycopersici and 
Heterodera marioni was used. Only the wdlt-immune tomato strains were 
not killed by fusarium wait in these fields. 

The data from nearly 7000 tomato plants, averaging 23 plants per plot, 
are given in table 2. More plots were used for testing Break O’Day, 
Grothen’s Red Globe, Gulf State Market, Illinois Baltimore, Marglobe, 
Pritchard, and Rutgers, than for most of the other varieties. Bohn-Tucker 
hybrid selection No. 463 remained immune from fusarium wilt in the sandy 
field even when most of main roots were badly infested wdth Heterodera 
marioni. The slight wilt resistance of the Bonny Best tomato Avas not 
further decreased by root knot, behavior common to varieties very suscep- 
tible to fusarium wilt. However, the Stone variety, in 1940, showed a large 
decrease in wilt resistance because of root knot. Nearly all varieties de- 
scribed in table 2 showed a serious decrease in wait resistance, apparently 
because of root-knot-nematode infection, and 30 of the tests showed decreases 
of 11 to 38 per cent in resistance to fusarium wilt. 

SUMMARY 

The loss from tomato wait was observed to be reduced in a commercial 
field where root-knot-resistant peanuts were grown in the crop rotation. In 
contrast, almost total loss (presumably attributable to tomato wilt) resulted 
when the tomato crop follow^ed root-knot-suseeptible varieties of cow^peas. 
The root-knot nematode population was largest followdng crops susceptible 
to root knot. Further evidence is presented to show that the root-knot 
nematode reduces the wilt resistance of many varieties of tomatoes. A wilt- 
immune selection of tomatoes retained its immunity despite abundant root 
knot. 

Tomato Disease Laboratories at Yoakum and Jacksonville, 

Texas Agricultural Experiment Station, 

A. AND M. College OF Texas. 

5 See footnote 2. 


VARIATIONS IN PHYTOMONAS VESICATORIA 

Walter H. Burkholder and C. C. Li 
(Accepted for xiublieatioii December 9, 1940) 


In a recent article from Connecticut, Horsfall and Donnell (4) note con- 
siderable diiferences in varietal susceptibility of peppers to Phytomonas 
vesicatoria (Doidge) Bergey et al. They also comment on the fact that 
Weber (5) in Florida found no diiferences among 10 varieties of pepper and 
that Bullnose, one of their resistant varieties, appears to react differently 
in the South than in the North/’ In an oral communication Charles Chupp 
made the statement to the writers that in New York State the disease caused 
by Phyt, vesicatoria has been prevalent on peppers on Long Island but not 
on tomatoes, and, in upstate New York, it has been found on tomatoes but 
not on peppers. The disease has been reported prevalent on both tomatoes 
and peppers in Florida and in other parts of the South. 

Certain recent work by the writers, while not extensive in scope, does 
I bring to light certain hitherto unknown characteristics of this pathogen and 

possibly explains the reported discrepancy in varietal susceptibility of 
just mentioned and also the reason for the pathogen’s appearance 
I on only one host in a locality. 

At the beginning of the investigation here reported, 10 isolates of Pkyto- 
monas vesicatoria were on hand and were used during the experiments. 
Seven of these were from pepper ; 1 from a diseased pepper leaf collected in 
Vermont, 1937,- 3 from material sent by H. S. Cunningham from Long 
Island, 1939 ; and 3 from specimens from A. H. Eddins, Hastings, Florida, 
1939. Thei'e were also 3 isolates from tomato; 1 from Vermont, 1937; 1 
from New York, 1937 ; and a culture received from Mary K. Bryan, a num- 
ber of years ago. Later, R. E. Lincoln of Purdue University, sent the 
. writers an isolate from tomato and a culture of Phyt. vesica, toria var. 

■; rap/iam* (White) Burkh. 

j Inoculation exj)eriinents were conducted in the greenhouses during the 

winter of 1939 to 1940 with these 10 isolates of Phytomonas vesicatoria on 
some 8 or 9 varieties of both |)eppers and tomatoes. Leaves were used in 
the main for comparison of severity of infection since a sufficient number of 
; fruits were not available. 

The following varieties of tomatoes were inoculated : Greater Baltimore, 
John Bear, Bonney Best, Marglobe, Rutgers, Pritchard, Harris’ Extra 
Early, Nystate, and Ponderosa. The Vermont pepper strain of the pathogen 
[ produced no infection on the tomato, although the 3 Long Island pepper 

' isolates caused a very few slight lesions. The pepper strains from Florida 

produced good infection on the tomato leaves, as did the 3 tomato isolates. 

Some tetraploid tomato plants, growing in the greenhouse for other pur- 
I poses, were inoculated at this time with the Vermont pepper isolate and 2 

I tomato isolates. Only the latter 2 caused inf eetion. 
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The picture on the pepper varieties was somewhat different and equallj’ 
interesting. The following varieties of peppers w^ere inoculated with the 
various isolates of Phytomonas vesicatoria: Bullnose, Chinese Giant, Osh- 
kosh, Harris’ Early Giant, World Beater, California Wonder, and Euby 
King. The pepper isolates of the pathogen from Long Island and from 
Florida produced good infection on all the varieties except Oshkosh and 
Harris’ Early Giant. On these two varieties infection was very light. The 
pepper isolate from Vermont and the 3 tomato isolates produced good infec- 
tion on all the varieties of peppers, but the lesions formed slowly. 

The conditions under which the plants were inoculated were the same 
throughout, and the pepper and the tomato varieties respectively were 
inoculated at the same time. In examining the data the results could not 
be interpreted on the age of the isolates. 


From these infection experiments it appeared that the Vermont pepper 
isolate was similar to the Long Island pepper isolates and these w-ere distinct 
from the isolates from tomato. The 3 Florida strains from pepper appeared 
to be intermediate. 

After determining the pathological differences among the strains of the 
organism, tests were made to determine whether there were any physiologi- 
cal differences in culture. In appearances, on agar, all isolates were similar. 
They also behaved similarly in utilizing nitrates, although they did not 
reduce theni to nitrites. None of them utilized asparagine, tyrosine, or 
hippurie acid. They all liquefied gelatin and did not produce indol. In 
milk, the pepper isolates reduced litmus and methylene blue more rapidly 
than did the tomato isolates and they also produced more HaS. These dif- 
ferences in degree of characteristics, however, could scarcely be used for a 
decisive separation of the organisms. Another character, nevertheless 
wnch was correlated with these slight differences, was that of the abilitv 
of the various pathogens to hydrolyze starch. None of the pepper isolates 
had this ability, but the isolates from tomato did, including the one from 
V E. Lincoln and the variety Phytomonas vesicatoria var. raphani The 
difference was very clear-cut and distinctive. The method used for deter- 
mination of this character was the starch-agar iodine test. As far as the 
writers are aware, this difference in the characteristics of the pathogen from 
he two hosts has not been reported before, although search through litera- 
ture revealed the following points : Higgins (3), in describing the patho-^en 
lom pepper states that starch hydrolysis is feeble; he does not, however, 
.ue his methods o determination. Gardner and Kendrick (2), using 
tomato strains found a “strong diastatic action,” and likewise Miss DoMge 

this differenc^w"'' to^^ato pathogen. It is probable that 

If such be Z pepper and tomato pathogens is widespread. 

gather that, while it is possible that certain 
of these strains of Phyt. vesicatoria have the ability to eross-infect in nature 
they are, as a rule, not promiscuous. No work has been done as yet to deter 
mine whether the passage through pepper or tomato might have an influence 
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through selection or otherwise, to bring out or to suppress 
this ability to hydrolyze starch. Also, what part hydrolysis of starch plays 
in the pathogenicity of the organism cannot be ascertained and the writers 
are 01 tiie opinion that it is merely a correlated character. 

The bearing of these findings concerning Phytomonas vesicatoria is 
mainly on the selection and breeding of disease-resistant strains of pepper 
and tomato. In this paper it is pointed out that certain races of the patho- 
pn do exist. The question of how many exist is problematical. All breed- 
ing work will have to consider these questions. Prom a taxonomic stand- 
point the writers do not feel that the differences in the strain are sufficiently 
great to propose varietal names. Furthermore, before such names are given 

one should be sure of the stability of the characters on which the separations 
are made. 

Dept. OF Plant Pathology^ 

Cornell University, 

Ithaca, N. Y. 
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PHYT0PATH0L06ICAL NOTES 


Glassification of Hawaiian Gommelina-mosaic Virus.— A mosaic disease 
of Gommelina nudiflora L. has been recognized for many years in Hawaii. 
KunkeP mentions it as early as 1921. The disease and its causal agent have, 
however, been relativdy little studied. In 1935, Carter" transmitted com- 
melina mosaic to pineapple. Ananas comosus Merr., by mechanical inocula- 
tion and, in 1937, he" demonstrated its transmissibUity to C. nudiflora 
and to pineapple by means of the aphids Aphis gossypii Glover, Myzus 
persicae (Sulz.), and Macrosiphum solanifolii (Ashm.). The symptoms of 
Hawaiian commelina mosaic in G. nudiflora are similar to those produced 
by the southern celery-mosaic strain^ of cncumber-mosaic virus, Marmor 
micimeris H. var. commelinae H., in the same host plant as described by 
Doolittle^ and Doolittle and Wellman.® Furthermore, the two viruses are 
transmitted by the same species of aphids. It thus seems likely that they 
are closely related. Definite proof of this relationship has not, however, 
been available. Eecently, the writer found that Hawaiian commelina-mosaic 
virus protects zinnia, Zinnia elegans Jacq., from infection with the indicator 
strain of cucumber-mosaic virus, Marmor cucumeris H. var. judicis H., thus 
demonstrating a close relationship between these two viruses. It is the 




purpose of this note to present the evidence on which this statement is based. 

Dr. Walter Carter of the Hawaiian Sugar Planters Association was kind 
enough to supply leaves of Commelina nudiflora infected with a yellow 
strain of mosaic and others infected with a green strain. The symptoms of' 
these two strains in commelina differed in that the yellow strain produced 
a brilliant-yellow mottling on a dark-green background, whereas the green 
strain produced a light-green or pale-yellow mottling. The experiments 
with these viruses were conducted in a greenhouse where every precaution 
was taken, including fumigation at frequent intervals, to prevent accidental 
spread of the viruses. The yellow strain of virus was readily transmitted 
to dicotyledonous hosts by means of rubbing, but difficulty was experienced 
with the green strain. On the second trial, however, infection was obtained 
with the latter in Turkish tobacco, Nicotiana idbacum L. It was relatively 
easy to transmit the virus from tobacco to other plants of this species or 
to the other host plants tested. Infection was obtained with both strains 
in the following species : A. glutinosa L., N, alata Link and Otto, N. Ugelovii 

1 KuhM, L. 0. A possible causative agent for tbe mosaic disease of corn. Bull. Exp. 
Sta. Hawaiian Sugar Plant. Assoc., Bot. Ser., 3 : 44-58. 1921. 

2 Carter, Walter. Mechanical transmission of two viruses to pineapple. (Abstract) 
Phytopath. 25: 10. 1935. 

’^Carter, Walter. Aphis transmittal of CoMMelina nudiflora L. mosaic to pineapple. 
Am. Entom. Soe. Amer. 30: 155-158. 1937. 

4 Price, W. 0. Olassiheation of southern celery-mosaic virus. Phytopath. 25 : 947- 
954. 1935. ^ 

I)oolittle, S. P. Gowmelina nudiflora. a monocotyledonous host of celery mosaic. 
Phytopath. 21 : 114-115. 1931. 

^ Doolittle, S. P., and P. L. Wellman. Commelina nudiflora, a monocotyledonous host 
of a celery mosaic in Florida. Phytopath. 24: 48-61. 1934. 
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Wats. var. qiiadrivalvis Piirsli., N, glauca Grab., Ciicimiis saPivws L., and 
Zinnia elegans. In general, the symptoms were similar to but distinguish- 
able from those of ordinary encumber mosaic in the same hosts. Likewise, 
the symptoms were distinguishable from those of the southern celery-mosaic 


Pig. 1. Pliotograpli of zinnia plants 14 days after inoculation witli the indicator 
strain of cucuinber-mosaie rirus. Previous to inoculation, the plant on the left was 
healthy, while that on the right was affected by the yellow strain of Hawaiian eommelina- 
ihosaic virus, the symptoms of which were mild and do not show in the photograph. 
Oommelina-mosaie virus has protected the plant from infection with the indicator strain 
of cueumber-mosaic virus. (Photograph by J. A. Oarlile.) 

strain of cucumber-mosaic yirus. The yellow strain of Hawaiian comnielina- 
mosaic virus eonsistently produced more brilliant symptoms than the green 
strain. ,, 

The susceptibility of zinnia made it feasible to perform cross-protection 
tests similar to those previously described.'^ In the Golden Gem variety of 
zinnia, which was used in these tests, the yellow strain caused a green mot- 
tling disease, while the green strain caused only a mild transient mottling 


7 Plaice, W; 0, Acquired immunity from cucumber mosaic in zinnia. Phytopath. 25: 
776-789. 1935. 
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which soon disctppcnrcd. Since similar results weie obtained with the 
yellow and green strains, only the results of a typical experiment with 
the yellow strain will be cited. On March 30, 1940, 12 young zinnia plants 
were inoculated with the yellow strain of cominelina-niosaic virus. A.11 12 
plants became infected and showed mottling symptoms. On April 19, 6 
mottled leaves on each of the 12 infected plants and 6 comparable leaves on 
12 healthy zinnias were rubbed with the indicator strain of cuciimber-niosaie 
virus. On April 24, a total of approximately 3,600 necrotic lesions had 
developed on the inoculated leaves of the previously healthy plants, while 
not a single lesion developed on the inoculated leaves that were mottled by 
commelina-mosaic virus. Figure 1 illustrates the results of the experiment 
14 days after inoculation with the indicator strain of cucumber-mosaic virus. 
These results, together with those of similar tests not reported here, demon- 
strate a close relationship between the Hawaiian commelina-mosaic virus 
strains and other viruses of the cucumber-mosaic virus group. 

The writer has not observed Hawaiian commelina mosaic under field 
conditions. From personal communications, however, it appears that the 
symptoms of this disease take a diversity of forms, ranging from a very 
brilliant yellow mottling to a very mild green, almost indistinguishable, 
mottling. It thus seems apparent that commelina in Hawaii is affected by 
a number of different strains of cucumber-mosiae virus. None of these, 
including the two variants dealt with in this paj^er, have been sufficiently 
studied to be readily identified from a published description of their char- 
acteristics. For this reason, it seems best at this time not to apply a formal 
name to either of the two strains herein discussed but to refer to them as 
yellow and green variants of cucumber-mosaic virus. — ^W. C. Price, The 
Eockefeller Institute for Medical Research, Princeton, New Jersey. 

Comparison of Susceptibility of the American Elm and Several Exotic 
Elms to Ceratostomella ulmi— In Europe, extensive inoculations have been 
made to test the resistance of various species and varieties of elm to Cerato- 
stomella ulmi Buisman.^ Pew reports, however, have appeared comparing 
the susceptibility of the American {TJlmus americana L.) with that of 
several exotic elm species growing in the United States. Some data were 
obtained from a series of inoculations of several comparable species and 
varieties of elm growing in an experimental nursery maintained by the 
Division of Forest Pathology, Bureau of Plant Industry, near Morristown, 
N. J. The trees ranged from | to in. in diameter at the base. All were 
seedlings, except the Christine Buisman elms, which represent a clone propa- 
gated by layering. The ‘ ^ Mormon elm ’ ’ received under that name from one 
of the western States appears to be a type of one of the small-leaf European 
elms. The trees were inoculated from June 3 to 6, 1940. Inoculation was 
effected by making a vertical, tangential incision into the xylem with a ^-in. 

T- Went, J. C. Compilation of the investigations on the susceptibility of different elms 
to CeratoMomella nlmi Buisman in the Netherlands. Phytopath. Zeits. 11 : 181-201. 1938. 
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wood cliisel and then immediately filling the wound with an aqueous sus- 
pension of spores of C. ulmi. Approximately 4 inoculations per diameter 
inch were made around the trunk of the tree near the base. These inocula- 
tions were considered to have subjected the trees to a severe test. 

External symptoms of Dutch elm disease were apparent in all groups 
of trees 7 to 15 days after inoculation. Observations at various times dur- 
ing the growing season indicated that the population of Ulmus americana 
under test was being severely affected. U, laevis developed extensive wilt- 
ing and dieback but seemed not to be affected so severely as Z7. americana. 
At the end of the growing season, the total main leader dieback on each tree 
was measured. The mean percentage of main-leader dieback was calculated 
for each species and variety, and the data analyzed statistically (Table 1). 

TABLE 1. — Compariso7i of mfection and diel)acTc of TJlmtis americana and of several 
exotic species of elms inoculated with Ceratostomella ulmi in 1940 



Number 

Percentage 

Mean percentage 

Species 

of trees 

developing 

of main leader 


inoculated 

symptoms 

dying back^ 

TJ. americana 

100 

100 

90.89+ 2.6810 

TJ. laevis 

88 

100 

81.09+ 1.8452 

TJ. foliacea 

11 

100 , 

69.98+ 8.8619 

TJ. procera 

28 

100 

53.02 + 5.4720 

TJ. japonica 

10 

100 

23.73 ±11.8960 

Mormon elni^’ 

10 

100 

19.20+ 1.3500 

TJ. pnmila ' 

218 

42 

10.69+ 0.8835 

‘ ^ “ var. pinnato-ramosa 

10 

70 

4.79+ 0.9833 

^ ^ ^ ^ var. arhorea 

10 

30 

2.09+ 0.7830 

TJ. foliacea var. Cliristine Buisman 

7 

86 

0.0 


a Based on percentage of main leader dieback as of the end of the growing season. 

The population of V. americana was more susceptible to Ceratostomella ulmi 
than that of any of the other elm species and varieties tested. Results for 
U. japonica should be considered indicative only, as the high standard error 
indicates too few individuals tested. The piimila group appeared rather 
resistant, and, as a whole, escaped serious injury from the disease. No main- 
leader dieback developed in any of the trees of the Christine Buisman 
selection of TJ, foliacea. Some of the trees, however, did lose several leaves, 
and, in a few cases, the terminal portion of one or two small twigs on lower 
side branches died; but, in every ease, the dieback was negligible. 

As a rule, the xylem discoloration associated with the disease was most 
pronounced and most extensive in the more susceptible species. The more 
resistant species or varieties, such as those of the pumila group and Ulmus 
foliacea var. Christine Buisman, usually showed fairly extensive invasion 
by the fungus, but fewer vessels were infected.— S. J. Smucker, Division of 
Forest Pathology, Bureau of Plant Industry, U. S. Department of Agricul- 
ture, Morristown, N. J. 
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Isometric Crystals Produced hy Pmm Virus 2 and Phaseolus Virus 2d 
The Trypan Blue technique for identification of viruses" has facilitated the 
finding** of crystal phases in several plant viruses. The process has demon- 
strated, in Vida fala infected with Pisum virus 2 and Phaseolus virus 2, 
crystalline entities that are of unusual interest because they occur in both 
the cytoplasm and nuclei of infected host cells. These crystals are from 
0.3 to 4.0 jj in diameter and are plainly isometric. They stain deeply in 
Trypan Blue and can be shown, even in chlorenchymatous cells, but are more 
easily visible in epidermal cells, where they aggregate into crystalline viro- 
plasts. A remarkable feature of their occurrence in nuclei is their frequent 
and consistent presence within the nucleoli. The nucleoli of diseased cells 
assume cubical shapes as they become filled with the isometric crystals. 
Usually 5 or more are present, but, occasionally, one large crystal fills the 
entire nucleolus. The presence of virus artifacts or inclusion bodies within 
nuclei is a common occurrence in virus-infected animal cells, but has been 
proved in only one other case in plants, namely, in Nicotiana taiacim in- 
fected with Nicotiana virus 7, as shown by Ivassanis.'^ The fact that the 
crystalline inclusions, characteristic of each of these viruses, are plainly 
isometric suggests basic relationships between the 3 viruses. It has long 
been known that Pisum virus 2 and Phaseolus virus 2 are related because 
ot* close agreement between their physiological properties and host responses. 
Cytologically, they differ very little, the difference being that the crystals 
aceompaiiyiiig Phaseolus virus 2 are larger than those of Pisum virus 2 
within the same host species (Fig. 1). 

These isometric, isotropic inclusions may be considered comparable to 
the hexagonal crystals of tobacco mosaic that form within cells. The iso- 
metric crystals are more stable, however, and can be micro-dissected into 
physiological salt solution without being destro^^ed. The stability of the 
isometric crystals is such that they are retained in paraffin sections fixed in 
aceto-formalin and in whole mounts processed by the Dioxan technique.^ 
They give the usual reactions for proteins. The crystals were not found 
in the foliar cells of healthy plants, but they were found in every case investi- 
gated where systemic invasions of either of these viruses induced mottling 
of leaves. They occur frequently within the guard cells of stomata. That 
these crystals are related to the causal agents is proved by the fact that they 
have been demonstrated in 4 different species of legumes inoculated with 
Pisum virus 2 and 2 species inoculated with Phaseolus virus 2. Their oeciir- 

Published as Teclimcal Paper No. 369 with the approval of the Director, Oregon 
Agricultural Experiment Station. Contribution of the Department of Botany in co- 
operation with the Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, XT. S. Department of Agriculture. 

^ MeWniortex’, F. P. Separation of Tulip 1 virus from Lily -latent by cytological 
methods. Phytopath. 30 : 788. 1940. 

Kassanis, B. Intracellular inclusions in virus-infected plants. Ann. Appl. Biol. 
26: 705-709. 1939. 

•^McWhorter, F. P,, and Elliot Weier. Possible uses of dioxan in botanical micro- 
technic. Stain Techn. 11 : 107-117. 1936. 
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virus 2. Nate viroplas'ts in the form of crySfreS^^ 

renee is, therefore, presumably a function of the virus rather than of the 

Isometric crystals have not been found in legumes infected with Pisum 
virus 1, but this virus also causes structural changes in the nuclei of its 

hosts.^-PRANK P. McWhorter, Oregon Agricultural Experiment Station 
Corvallis, Oregon. 

Vanatwn in CtiUures of Certain Grass Smuts?— Variants have been 
reported in a number of smut fungi^ that attack crop plants belonging to 

"^^^^^‘^wledgmerLt is due Mr. Saul Eich, Eesearcli Assistant, Oregon ExuprirYiP-nf Qfo 
tion,^who isolated, pl^ the viruses herSn insfde?ea. 

Assist^ceYii the preparation of thrae materials WM^rn^dTj^the^perfom^^ 
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the Gramineae. There is, however, very little reference in the literature to 
variation in smuts that attack grasses of lesser economic importance. There- 
fore, a preliminary study was made of the variability of some grass smuts 
that are found in Minnesota. 

Monosporidial isolates^ of TJstilago sphaerogena Burr., Usfilago neglect a 
NiessL, Sphacelotheca pamci-miliacei (Pers.) Bubak., syn~ 

therismae (Pk.) ParL, and single promycelial cell isolates of TJstilago crameri 
Korn, were cultured in duplicate flasks on potato-dextrose agar and malt 
agar for about 6 weeks. Of the above smuts only TJ. crameri had been stud- 
ied previously to any great extent in pure culture. In these studies the 
other 4 species were found to grow very well in culture. The chlamydo- 
spores germinated on potato-dextrose agar, producing promycelia with 
sporidia; the sporidia budded a few times then developed into a mycelial 
type of growth, except in the case of U. sphaerogena, which remained more 
or less sporidial. 

The general appearance of the cultures of these grass smuts did not 
differ strikingly from any other smuts that have been grown in culture. 
Each of the smut species consisted of a number of cultural biotypes that 
differed from each other in such characters as color, topography, type of 
margin, consistency of colony, and direction and rate of growth. 

The frequency of sectoring in the smuts studied is summarized in table 1. 
Many of the cultures sectored abundantly, while a few did not sector at all. 
Certain cultures sectored on potato-dextrose agar but not on malt agar and 


TABLE 1. — Preguency of sectoring of monosporidial isolates of certain grass smuts 
on potato-dextrose and malt agars 




1 Number 

Number isolates that 
sectored 

Number 

sectors 

Smut 

Host‘> 

isolates 

tested 

Total 

On 

p-d. a. 

On 

malt 

agar 

On 

p-d. a. 

On 

malt 

agar 

TJstilago 

sphaerogena 

'Echinochloa \ 
crus- gain 

26 

26 

16 

24 

26 

82 

TJstilago 

neglecta 

Setaria 

lutescens 

25 

20 

13 

13 

32 

51 

TJstilago 

crameri^ 

Setaria 

italica 

24 

17 

12 

10 

22 

14 

Sphacelotheca 

panici-miliacei 

Fanicum 

miliaceum 

25 

17 

7 

16 

14 

25 

Sorosporium 

synthcrismae 

Cenchrus sp. 

25 

25 

11 

25 

16 

97 


a Single promycelial cells. 

Nomenclature of grasses according to A. S. Hitchcock, Manual of the Grasses of 
the United States. (Washington), 1^35. 


Christensen, J. J. Physiologic specialization and genetics of the smut fungi, Bot. 
Kov. 6 ; 389-425. 1940. ^ ^ ^^ ^ ^ ^ ^^^^ ^^ ^ 

3 These cultures were isolated by Thomas Laskaris while he was in the Division of 
Plant Pathology at the University of Minnesota in 1938. 
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vice versa; generally, malt agar appeared to be more favorable for sectoring, 
except in the case of Usiilago crameri. Sectors differed from their parents 
in such characters as color, topography, type of margin, and direction and 
rate of growth. Many of the sectors were shown to be true variants since 
their cultural characters persisted and remained quite distinct from those 
of their respective parents on subsequent transfer to other flasks of agar. 

Prom this stud,y it is obvious that much the same type of variation occurs 
in these smuts as occurs in the smuts attacking graminaceous crop plants. — 
W. J. Martin and M. P. Kernkamp, Department of Plant Pathology, Uni- 
versity Parm, St. Paul, Minnesota. 


Storage and Mounting of Demonstration Specimens. — The storage of 
demonstration specimens of various sizes presents a problem in laboratories 
of plant pathology, and especially of forest pathology, where many speci- 
mens are large and some are heavy or fragile. One solution of this problem, 
providing neatness and compactness, sturdiness, flexibility, and accessibility, 
is offered herewith. As shown in figure 1, it consists of a series of wooden 
drawers of such dimensions as to be interchangeable in wooden cabinets. 

The cabinet is of 5-ply construction, without molding, baseboard, or other 
decorative superfluities, so that additional units can be grouped vertically 
or horizontally to meet expanding storage requirements or varying wall or 
floor space. In order to avoid waste spaces within the cabinet and enable 
ready movement of drawers when the door is open to 90 degrees, casing is 
omitted, and the door swings free of the interior. This is accomplished with- 
out outside hinges and without waste space between laterally adjacent cabi- 
nets either by cutting off the hinged edge of the door in line with the inner 
side of the hinged side wall of the cabinet and fixing the hinges inside (Pig. 
1, (1) ) or preferably by rounding the corners of the hinged edge of the door 
and pivoting the door on 2 pins extending into the upper and lower edges 
of the door from the lower side of the projecting cabinet top and the upper 
side of the projecting cabinet bottom, respectively (Pig. 1, (2) ) . By hinging 
the doors of laterally adjacent cabinets on opposite sides, a single long-shank 
padlock secures two doors. The sidewalls of the cabinet are routed on the 
inside at 4^' intervals to form horizontal grooves J" wide and deep. The 
grooves support removable shelves or drawers. 

The draw^ers are of 4 sizes, the smallest (a) being of such a size (4'' x 12" 
X 17") as to fit into a compartment of a standard steel herbarium ease (where 
a few are used). The next size (b) is approximately twice as high (84"). 
The third size (e) is approximately the same height as the smallest (44"), fi'nt 
approximately twice as wide (244") . largest size (d) is approximately 
twice as high (9") and twice as wide (244") the smallest. The bottoms 
of the two double- width sizes (c and d) extend |" beyond their side walls, 
enabling their support in the cabinet side-wall grooves. The bottoms of the 
single- width sizes (a and b) are flush with their side walls and rest on a 
removable double-width shelf supported by the cabinet side- wall grooves. 
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Ordinary specimens, either dried or in preservative liquid, are stored loose 
in the drawers. Rare or fragile specimens are mounted and placed directly 
on the removable shelves. 

The methods of mounting described below are not new but have been 
found satisfactory. A flat herbaceous specimen is pasted in the usual man- 
ner on a standard, 11 J'' x 16 herbarium mounting sheet, which is laid over 
a sheet of chip board for rigidity, and a larger flexible sheet of transparent 
plastic film (Cellophane, Kodapack, Lumarith, etc.) of 0.002"' thickness is 
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laid over the specimen and pasted to the back of the board (e) ; if subject to 
rongh handling, the edges of the inonnt may be bound with adhesive tape. 
Thicker specimens, not exceeding are laid on cotton batting on a rigid 
sheet of chip board, plywood, or preferably Presdwood, 12" x 17" or 8 x 12", 
the sides raised by one or more glued strips of the same material, |" wide ; 
the whole is covered with a rigid sheet of transparent plastic film (e.g.^ 
Pyralin), 0.030" thick; and the edges of the mount are bound with gummed 
cloth binding tape (f). Thicker and larger specimens are laid on cotton 
or preferably screwed, wired, or glued to a sheet of plywood or preferably 
Presdwood screwed into one rabbeted edge of a wooden frame 12" x 17" or 
17" x 24|-", and 2" or 4" deep ; and a sheet of glass, or preferably Pyralin, is 
fastened with brads and molding into the other rabbetted edge of the frame 
(g). A large specimen to be viewed on all sides is screwed to the frame 
I and Pyralin is placed in both edges. — John Ehrlich, School of Forestry, 

! University of Idaho, Moscow, Idaho. 

Evidence of Besistance in Alfalfa, Bed Clover, and Sweetclover to Cer- 
tain Fungus Parasites. — Observations in nurseries of alfalfa, red clover, 
and sweetclover at Madison, Wisconsin, in 1940, supplemented by some 
: field observations, have produced evidence of resistance or differences in 

I susceptibility to 8 fungus parasites, most of which ordinarily are considered 

I as of minor importance. In most eases evidence of such resistance appears 

j to be new; but whether old or new, the immediate interest in such observa- 

* tions relates to the production of improved varieties in which uniform 

resistance, even to minor diseases, is sought and in which the introduction 
of high susceptibility to parasites previously considered minor should be 
avoided. 

j Three circumstances appear to have made possible these observations: 

first, climatic conditions were unusually favorable for fungus development, 
especially in the long and almost frost-free autumn; second, the diseases 
i developed for the most part independently rather than simultaneously in 

! the same nurserj^; and third, the nurseries contained diverse material in 

suitable plantings for the clear observation of plant characteristics. 

ALFALFA 

In alfalfa, a nursery of clonal lines and one of strains and varieties were 
especially favorable for the observations of plant differences that are usually 
obscured in the field. 

Pseudopezka medicaginis (Lih.) Sacc. Clonal lines showed striking 
differences ranging from almost complete freedom to defoliation with rapid 
development of apotheeia on leaves. Plants with some resistance were 
found in all varieties represented in the nursery up to about 50 per cent in 
Ladak; but, in the field, only occasional plants of Ladak were found free 
from spots. A few of the clones showing differences in infection in the field 
have been inoculated with a pure culture in the greenhouse, where differ- 
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dices in disease development have been obtained corresponding to those in 
the field. 

Peronospora trifoUonim de Bary. A few clonal lines showed uniformly 
distorted stems and superficial evidence of systemic infection, while some 
other lines had only a larger or smaller amount of leaf spotting. The 
majority of the clonal lines were not infected. 

SUigonospora meliloti (Lasch) Petr. Leaf spotting from this was lim- 
ited strictly to a few clones. When plants from these were dug in the 
autumn the crowns were more or less decayed. 

Stemphylmm hotryosum Wall. In a nursery of varieties and strains dif- 
ferences ranging from light infestation to defoliation were recorded. Among 
the common varieties, Cossack and Grimm had significantly less injury than 
Ladak. 

RED CLOVER 

Inbred lines of red clover, resistant to powdery mildew (Erysiphe poly- 
goni DC.), in the nursery showed clear differences in reaction to 3 other 
minor parasites. 

Stemphylmm sarcinaeforme {Car.) Wilt. Clear-cut differences were 
evident between lines ranging from complete defoliation in some to a 
scarcity of lesions in others. 

Uromyces trifolii fallens (Desm.) Arthur. Some susceptibility to rust 
was apparent in all lines, but, in a few, infection was so severe that leaves 
and stems of all plants were covered with uredial pustules. 

Cymadothea trifolii Wolf. Marked resistance to sooty blotch was notable 
in most lines, but a few were so susceptible that the under surfaces of all 
leaves were completely blackened with stromata. 

SWEETCLOVER 

Pseudopeziza meliloti Syd. This leafspot was observed only in fields. 
In one field of white sweetclover, heavily infected in the first year, occasional 
plants free from the spot were selected. 

Stagonospora meliloti (Lasch) Petr. Susceptibility to spotting of leaves 
seems common, if not general. Stem blight is found more abundantly in 
some slender-stern lines than in common coarse-stern varieties. However, 
selected lines of coarse, white sweetclover have shown almost uniform and 
severe infection.— F. E. Jones, J. L. Allison and W. K. Smith, Division of 
Forage Crops and Diseases, Bureau of Plant Industry and Wisconsin Agri- 
cultural Experiment Station, Madison, Wisconsin. 


REPORT OP THE 1941 ANNUAL MEETING OF THE 
SOUTHERN DIVISION OP THE AMERICAN 
PHYT0PATH0L06ICAL SOCIETY 


Tlie 1941 Aimual Meeting of the Southern Division of The American Phytopathological 
Society was held as a section at the Meeting of the Association of Southern Agricultural 
Workers February 5, 6, and 8, in Atlanta, Georgia. A joint session was held with the 
Agronomy Section on diseases of forage crops. About 60 plant pathologists were in at- 
tendance at the meeting, and approximately 30 papers were given. A short business ses- 
sion was lield on the morning of February 6, when the following officers were elected : 
President, A. A. Dunlap 
Vice-President, Luther Shaw 
Secretary-Treasurer, I. L. Forbes 

Titles and abstracts of papers presented at the meeting follow. 

Luther Shaw 

Secretary -Treasurer 

Correlation of Spore Load with Incidence of Infectio-n in Bed Bot of Sugar Cane. 
I. L. Forbes. Inoculation experiments with Collet otriclium falcatum to determine the 
relation of spore load to incidence of infection were made over a period of 4 years, 1937- 
1940. Inoculations were made on cut stalks mainly, although standing cane also was 
inoculated. Commencing with a lieavy spore suspension, 3 to 5 dilutions were made of 
about 1-10, 1-100, 1-1000, and 1-10,000. In some tests the approximate number of spores 
used as inoculum in each dilution was determined. Both resistant and susceptible varie- 
ties were inoculated. Inoculations of susceptible or resistant varieties with heavy spore 
suspensions resulted in a general rot in the inoculated internode due to the great number 
of individual infections that, because of their close proximity, fused, even in resistant 
varieties where individual lesions are limited in size. In internodes other than the one 
inoculated, lesions were progressively fewer the farther removed from the point of inocu- 
lation. The more dilute the spore suspension used as inoculum, the lower the number of 
lesions produced. In varieties highly resistant to lateral spread of the red rot, the spore 
load thus determined the severity of rot in an infected stalk. In more susceptible varie- 
ties, where individual lesions become much larger than in resistant varieties, obviously less 
inoculum — a lower spore load — ^would result in as much damage. Preliminary evidence is 
at hand indicating that the loss in virulence of the red rot fungus, when kept for some 
time in artificial culture, is due to a marked decrease, or perhaps to an actual loss in some 
cases of sporulation in such cultures. 

Snap Bean Tissues Affected with BlacTc Boot Wilbert A. Jenkins. The peculiar 
external manifestation of such symptoms as streaking and wilting of certain plant parts 
has been shown to be correlated histologically with differential necrosis of the phloem, 
cambium, and innermost xylem in the root, hypocotyl, stem, and pod. Necrotic symptoms 
in the phloem varied from slight cytoplasmic disorganization in cells recently infected 
through stages of more or less complete destruction of the cytoplasm and nucleus. In the 
terminal phases the cell contents resembled gum and the cellulose walls were covered by 
deposits of suberin. Callose pads also were noted in sieve tubes showing early symptoms 
of disease. Similar symptoms were exhibited by the cambium, except that symptoms in 
the meristematic zone closely resembled those of the respective contiguent vascular sys- 
tems. In the xylem vessels very little evidence of plugging was observed except in the 
scalariform perforations. The xylem parenchyma about the youngest vessels contiguous 
to the cambium was severely necrosed, and necrosis occasionally extended into the ray 
parenchyma. Necrosis of the phloem was observed to extend throughout the vascular 
system of the pod and through the bundles of the funiculi into the seed coat at the chalaza. 
No evidence of embryonic infection was seen. 

Some Leaf Spots and Berry Bots of Muscadine G-rapes in Georgia. Wilbert A. 
Jenkins. Black rot on Muscadines is predominantly a foliage disease, although at times 
it may cause other symptoms. Early symptoms consist of water-soaked areas, which 
later become reddish-bro'wn. The causal organism differs significantly in its life his- 
tory, morphology, and pathogenicity from Mdwelii on bunch grapes and will 

be so described elsewhere. It is suggested that this disease be called muscadine black rot. 
A foliage disease caused by Cercospora hrachypus is perhaps as prevalent in Georgia as 
muscadine black rot. Symptoms begin as small, angular chlorotic areas which enlarge 
and become necrotic in the center with a narrow halo about the angular lesion. The causal 
organism possesses a Mycosphaerella perfect stage which will be described elsewhere as a 
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new species. It is suggested that this disease be known as Angular leaf spot of niusca- 
dines. Three destructive berry rots apparently are caused by new species or Macropfioma, 
M.el(i 7 iconmm, and the above-mentioned Guig^ia^YMay respectively. Maeiophoma lot is a 
soft rot that rarely mummifies the berry, Melanconium (bitter rot) niuminmes the berry, 
while muscadine black rot rarely rots the entire berry, except in conjunction with Macro- 
phoma rot or bitter rot. 


Co 7 itrol of Nursery Blight of Beem Seedlings hy Spraying with Lowdmie Bordeaux 
Mixture, John B. Large and John B. Cole. In seasons of excessive rainfall pecan 
nursery blight becomes one of the most important limiting factors in the production of 
budded pecan trees, especially in the Southeastern States. The fungus causing nursery 
blight, the Sphacelo^na stage of (Elsinoe randii) invades both young and old leaflets, and 
infections result in small reddish lesions that develop on both surfaces of the leaves. 
Latex* in the season the spots on the upper surface of the leaves turn asli-gray. Single 
lesions usually are about ^in. in diameter. These spots, however, may unite and form a 
continuous lesion along each side of a vein. Late-season infections are most numerous 
along the midribs and larger veins. To control nursery blight in the Southeastern States, 
the first application of 4-1-100 Bordeaux mixture should be made April 5 to 15, and be 
followed by 3 applications of 6-2-100 Bordeaux mixture. These applications are made 
at monthly intervals, with the last one about July 10. By following this spray program 
the nursery blight was controlled in 1939 and 1940 with resulting increased growth and 
vigor of the seedlings and the production of nearly 4 times as many successfully budded 
trees from the sprayed as from the nonsprayed trees. 


Mode of Action of Cei'tain Cottonseed Treatment Mater mis. S. G. Lehman. When 
preparations containing certain orgaiiomercury compounds are used for dusting cotton 
seed prior to planting, considerable improvement in seedling emergence and survival 
results because of control of certain organisms commonly carried on the seed. The benefit 
is not confined to seeds that actually receive particles of the organomereury compounds 
in the dusting operation, but other seeds in the treated lot are benefited by reason of the 
action of the vapors that arise from these compounds. Yapors arising from ethyl mercury 
chloride, ethyl mercury phosphate, ethyl mercury borate, and ethyl mercury iodide are 
active in killing seed-borne sjxores and mycelium of Collet otrichum gossypiunt, Fusarium 
moniUfornie, Ehizopus nigricansj and species of Aspergillus. Exposure of air-dry conidia 
of Glome/rella gossypii on filter paper to vapors of these materials for periods as short 
as 1 to 4 hours resulted in failure of the conidia to grow when placed on agar. The 
vapors from the preparations containing the chloride and the phosj)hate appear to be 
somewhat more effective than those from the borate and iodide. When cotton seeds are 
exposed to these chemicals the vapors condense on the seed coat or lint that may be carry- 
ing the fungi, and become fungicidally active when the fungi become moist. 

Downy Mildew on Oats in Mississippi. L. E. Miles. Downy mildew^, Sclerospora 
macrospora, was discovered on oats near Indianola and Inverness, Sunflower Oounty, 
Mississippi, in late spring, 1939. Brief surveys in 1940 showed it present in Sunflower, 
Sharkey, Leflore, Washington, and Oktibbeha Counties. The fungus was found on a few 
volunteer wheat plants in an infested field near Leland in Washington County. This is 
the first report of downy mildew on oats in the United States and the first report of its 
occurrence on wheat in Mississippi. 

Affected plants tend to be stiff and leaves are more fleshy and upright than normal. 
Viable seed is not produced on infected plants. Fruiting panicles are frequently much 
distorted. Baehis and rachilla become curled and twisted. Spikelets, instead of bearing 
2 seeds in close contact in the same glumes, ixroduce a single seed-like structure in the 
glumes, which envelops the rachilla. 

Oospores only are present. Oospores from wheat, oats, barley, corn, rice, and a 
number of wild grasses from various parts of the United States^, Italy, Japan, and 
Australia have been compared with respect to diameter. These have agreed rather consis- 
tently. However, all specimens from Japan and one on Avena fatua from New South 
Wales have averaged much smaller. 

Bfeet of Storage of Treated Cotton Seed in Closely Woven Cotton Bags L E 
Miles. Cotton seed from the 1938 crop was mechanically delinted and treated with New 
Improved Ceresan m June, 1939. A part was stored in a lOO-lb. bag and another in a 
closely woven cotton bag. Lots of the 1939 crop were (1) treated and stored similarly, 
and (2) stored m a burlap bag, nontreated. Germination tests November 1, 1939, showed 
96.0 per cent from the 1938 crop lot treated and stored in burlap, and 98.0 per cent from 
the 1939 crop lot; ^oth germinated 94.5 per cent on April 1; lots stored in cotton bags 
showed 95.5 rxer cent for the 1938 crop and 95.0 per cent for the 1939 crop on November 1, 
and both 92.0 per cent on April 1. Nontreated 1939 seed stored in burlap germinated 
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94.0 per cent on November 1, and 89.0 on April 1. In the field in 1940, the 1938 seed 
treated and stored in burlap germinated 34.7 per cent; and treated and stored in cotton, 
35.05 per cent. Of the 1939 crop lot, the nontreated burlap lot germinated 21.45 per 
cent; the treated burlap lot, 39.4 per cent; and the treated lot stored in cotton, 40.5 per 
cent. New Imx^roved Ceresan increased emergence over no treatment by 86.36 x>er cent, 
and yield by 22.71 per cent. These results indicate no injurious effects from storing 
treated cotton seed in cotton bags 17 months, and significant increases in both emergence 
and yield as a result of Ceresan treatment. 

Fungi Associated with Diseased Cotton Seedlings and Bolls in 193S, 1939, and 1940. 
Paul R. Miller and Richard Weindling. Diseased cotton seedlings and bolls collected 
in 14 States in 1938, 1939, and 1940 were cultured to determine the relative frequency and 
distribution of fungi associated with damj)iiig-off and boll-rots. Sainjiles of diseased 
seedlings were taken from each of 1015 fields, of which 84 jier cent showed Glomerella 
gossypvi; 81 per cent, Fusarmm monilifornie ; 14 per cent, EMsoctonia solani; 51 per cent, 
Fusaruim sjixi. and 4 pei- cent, Diplodia gossypina. Aliernaria sx>j)., Penieillium spj)., 
Aspergillus sjiX)*; Fythium s^ij)., Ehimcionia hataticola and Sclerotium rolfsii w’-ere isolated 
less frequently. Of the 744 boll-rot samples 73 per cent showed Glomerella gossypii; 70 
X)er cent, Fiisariwm moniliforme ; 87 per cent, Aliernaria sp^i.; 65 per cent, Fiisarimn s^ip. 
and 15 jier cent, Diplodia gossypina. Species of Aspergillus, EMsopus, FeniciUlum, and 
a few unidentified organisms were isolated less frequently. Glomerella gossypii was not 
found on either seedlings or bolls west of eastern Texas and Oklahoma. Comparison of 
weather records with disease occurrence indicates that the distribution of anthracnose is 
correlated with summer humidity. Low humidity probably prevents survival of the causa- 
tive organism during summer. The distribution of the other organisms was general 
throughout the area surveyed and there was little variation in frequency of occurrence 
from year to year. 

Cottonseed Treatment Tests in Louisiaiia in 1940. D. C. Neal. In tests C-1 and 
C-2, consisting of 14 new materials, modifications, and combinations of certain chemicals 
jireviously used, and planted at Baton Rouge, Louisiana, on April 23, the best emergence 
values in C-1 were obtained in the order named from Ceresan 5 x)er cent, ethyl-Hg-borate, 
Ceresan 2 ];>er cent, IT. S. Rubber No. 120, and non-dusty 5 per cent Ceresan with tracer- 
dye modification. The increases in emergence wdth these chemicals over nontreated seed 
were highly significant. Sanoseed gave no improvement in emergence. In test C-2 the 4 
materials giving highly significant increases were XT. S. Rubber No. 98, Celatox, eyanamid, 
and copper mercury. 

In test C-1, also, ];)lanted at St. Joseph, Louisiana, on May 6, and including in addition 
mechanically deUnted seed, the mean emergence increases for all treatments were liighly 
significant. 

Also, a higlily significant difference in favor of mechanically deliiited over fuzzy seed 
was obtained at tins locality. The effects of treatment on yield were not recorded because 
of x)rolonged unfavorable weatlier following jilanting. 

1940 Eegional Cotton-wilt Studies: Phosphate-variety Tests in Louisiana. D. C. 
Neal. This test consisting of 7 varieties of cotton and 2 j)hosx)hate levels in the fertilizer 
(6-6-6 and 6-12-6) wuis jylanted at Baton Rouge and St. Joseifii, Louisiana. The total 
wilt infection at final count at Baton Rouge ranged from zero x)er cent for Delfos 425 and 
Wanamaker S. & C. to 61 per cent for Half and Half, with the amount in the 4 other 
varieties ranging from 1 to 4 per cent, and falling in the same resistant groux) Delfos 
425, etc. Increasing the xihosphate content of the fertilizer had no significant effect on 
the prevalence of wilt or in increasing yields. The 3 varieties giving the highest yield of 
seed cotton were Dixie Triumph 06, D. & P. L. 12, and Miller 610. 

At St. Josex>h, the rank in wilt resistance was nearly the same as at Baton Rouge, the 
results showing Half and Half the most susceptible (38 per cent wilt), Miller 610 next 
(12 per cent wilt), and the other 5 varieties falling into the most resistant class (infection 
range zero qier cent for Wanamaker S. & C. to 4 jier cent for D. & P. L. 12). Increasing 
the xihosphorous in the fertilizer again did not increase the incident of the disease. The 
5 varieties giving highest increases of seed cotton and falling wdthin the same significant 
subgroup w’-ere D. & P. L. 12, Dixie-Triumph 06, Coher es 4 in 1, Miller 610, and Delfos 425, 
The yields of all varieties were highly significant over Half and Half, and the }deld of 
D. & P. L. 12 (1939 pounds per acre) also was significant at the 1 jier cent point over 
Wanamaker S. & C. 

The Effect of Various Fungicidal Dusts upon Cantaloupes in Seasons Characterized 
hy a Low Incidence of Doumy Mildew. C. J. Nusbaum. In 1939 and 1940 downy mil- 
dew remained at a low level in cantaloupes in the vicinity of Blackville, South Carolina, 
thus affording opportunity to studying the effect of several dust fungicides on the crop 
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itself ill the comparative absence of disease. Various fixed coppers, copper-lime, sulplmr, 
and 2 organic fungicides were used. Attention also was given to the performance of 
various diluents and supplementary matei'ials. In 1939 data ivere obtained upon defolia- 
tion and yield. In 1940 additional records were taken on age at maturity, weight and 
total solids in the juice of each fruit harvested from one plot of each treatment. In 1939 
several fixed coppers and an oi’ganic material gave higher yields than the nontieatecl 
checks, but only a few of the increases exceeded the least significant difference, feome of 
the fixed copper and the copper-lime treated plots ranged slightly lowei in yield than the 
checks. Sulphur mixtures reduced yields drastically. In 1940 yields from most of the 
fixed copper plots ranged higher than the checks, whereas the yield from copper-lime, 
yellow copper oxide, and Organic No. 244 plots were lower. Data from individual fruits 
indicated that none of the treatments delayed maturity or affected the weight and quality 
of marketable fruits significantly. 

The Hole of Hot Water Seed Tredtment m the Control of Cercospora Blight of Bnine. 
C. J. Nusbaum. Eecent outbreaks of blight (Cercospora sesanii) on benne (Semmuni 
indicum) in the coastal region of South Carolina were brought to the writer’s attention in 
1939. Serious losses were reported from some hunting preserves where this crop was 
grown extensively as food for doves. The importance of seed-borne inoculum was de- 
termined when various seed samples from South Carolina, Georgia, and Dlorida, showed 
high percentages of contamination with some lots showing as much as 16 per cent inter- 
nally infected seed. Seed-treatment tests with hot water at temperatures ranging from 
118 to 131° F. at 10-minute intervals up to 1 hour showed that a 30-minute treatment at 
128° F. virtually eliminated seed-borne inoculum without injuring the seed appreciably. 
Based on a 30 -minute treatment, the critical killing temperature for the internally borne 
pathogen was between 125 and 128° F. and the threshold of seed injury wms between 128 
and 131° F. Surface-borne inoculum was eliminated by treatment at 118° F. for 30 
minutes. Fleavily contaminated seed, held over 1 year in storage became free of surface- 
borne inoculum but internal infection remained. The practical value of hot-water disin- 
fection was demonstrated in 1939 and 1940 on large-scale plantings at Eidgeland, South 
Carolina. 

Copper-sulphur Busts and Copper Sprays Give Good Control of Peaiiut Leaf -spot 
Biseases, Luther Shaw and T. T. Hebert. Eesults of three years of experimental 
tests show that copper-sulphur dusts, ranging from 5 to 20 parts of copper and 95 to 80 
parts of sulphur, and certain copper sprays, including Bordeaux mixture and cuprous 
oxide spray, have consistently given practical control of peanut leaf spots and economical 
increases in the yields of both nuts and hay. The most effective and practical schedule 
to follow in the application of these fungicides to peanuts is to make 4 ax^plications at 
2-week intervals beginning between July 1 and 10. Such treatments have produced in- 
creases in yields averaging about 500 lb, of peanuts and 800 lb. of hay per acre, at a cost 
of about $5.00 per acre, including both materials and labor. The approximate value of 
the increased yields of peanuts and hay per acre is $15.00. Studies on the efficiencies of 
different fungicidal materials in the control of peanut leaf spots have not progressed to 
the point where definite efficiency values can be given to the various materials under 
consideration. 

Pathogenicity Tests of Bijferent Isolates of Fiisarium vasmfeotum in 1940. C. D. 
Sherbakofe. In the summer of 1940 a test was carried in sand cultures in greenhouse 
with 5 isolates of Pusarium vasinfectum used for inoculation of 4 different varieties of 
cotton: Miller, Eowden, Delfos 719, and Cook 85. The results show a considerable differ- 
ence in the virulence of the different strains, from 14.5 per cent to 43.6 per cent average, 
for the varieties of cotton used. A definite difference in the relative susceptibility of the 
different varieties is also indicated, Eowden being the more and Delfos 719 the least sus- 
ceptible. The relative susceptibility is, however, about the same to all of the isolates 
used, thus indicating no specialization of any of the isolates in regard to their pathogeni- 
city to the varieties of cotton. 

Pegional Studies of Fusarium Wilt of Cotton in Tennessee, in 1940. G. D. Sherba- 
KOFF. In 1940 the Eegional Wilt Studies were carried again in cooperation with the IT. S. 
Department of Agriculture, on the same general basis as the preceding 2 years, except 
that only 5 varieties of cotton were used: Miller 610, Coker’s 4 in 1, Delfos 965-425, Early 
Wilt, and Dixie rrium|)h 06. The season’s weather greatly reduced the wilt incidence 
and danuige, strikingly so at Tiptonville. Of the varieties tested, Miller 610 was the 
highest m yield at Martin and nearly at the bottom at Tiptonville, while Coker ’s 4-in-l 
gave the highest yield at Tiptonville and was near the bottom at Martin. 
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^ Eegional Cotton-variety-wilt^^^^ Study. A. L. Smith. Cooperative investi- 

gations were eoiidueted by members of the Fiisarimn Wilt Committee in seven States at 
14: locations to study the effect of increased phosphorns on yield and fusarinm wilt of 6 
varieties of cotton. The fertilizer treatments were 600 lb. per acre of a 6-6-6 and 6-12-6. 
The varieties were Coker 4-in-l strain 4, Ea.rly Wilt, Delfos 425, Dixie Triumph 06-366, 
Miller 610, and Half and Half. 

The mean wilt in tests conducted in North Carolina, South Carolina, and Georgia was 
10.9 per cent at the 6 per cent level of phosphorus and 11.9 per cent at the 12 per cent 
level of phosphorus. In central southern States the mean wdlt was 10.4 per cent and 10.1 
per cent at the same respective phosphorus levels. Yields were affectd very little by the 
increased phosphorus. 

Coker 4-in-l strain 4 and Early Wilt, two varieties highly wilt and root-knot-resistant, 
gave highest yields in the soutli eastern States in the order named. Dixie Triumph 06-366 
and Miller 610, a wilt-resistant and a semi-resistant variety, and both root-knot-susceptible, 
were the higliest-yielding varieties in the central-southern locations. There is strong 
circumstantial evidence to indicate the imj>ortance of both root-knot and wilt resistance in 
varieties to be planted in coastal-plains soils of the Southeast. 

Nematode Distrihution in the 1940 Eegional Cotton-wilt Plots. A. L. Smith and 
A. L. Taylor. Cooperative investigations were conducted by members of the Fusarium 
Wilt Committee at 15 locations in 8 States. The root-knot-nematode infestation wms 
determined by examining 3 cotton plants from each of 8 replicate 100-ft. plots. Infesta- 
tion varied from 100 per cent at Scott, Mississipjii, to none at Baton Bouge, Louisiana. 
The meadow nematode infestation was similarly determined from interplanted Crowder 
peas dug 3 weeks after planting. Infestation varied from zero to 70 per cent. A pro- 
nounced infestation of the reniform nematode (Eoiylenchulus reniformis) occurred on 
roots of both cotton and cowpeas from Baton Bouge. In general there was a negative 
relationship between the root knot infestation and mean varietal-wilt reaction. The rela- 
tive differences in the percentages of wilt in Half and Half (wilt-susceptible variety, inter- 
mediate in root-knot resistance) and Miller 610 (semi-resistant to wilt and highly root- 
knot-susceptible) is attributed to the variation in wilt and root-knot-neinatode infestations 
at different locations. The wilt reaction of Half and Half more nearly reflected the 
prevalence of the wilt organism in the soil and was affected less by the prevalence of 
root knot. The wilt infection in Miller 610 was greatly reduced in comparison with Half 
and Half at two locations in one of which root knot was not present. In another the root- 
knot infestation w^as only 2 per cent. These results are in agreement with previous 
regional studies in which relative differences in susceptibility to wilt at different locations 
were attributed to varying nematode infestations and differences in varietal reaction to a 
combination of wilt and nematodes. 

Miner al-deiiciency Symptoms in Cotton in the Greenhouse. W. H. Tharp and C. H. 
Wadleigh. Kodaehrome slides were shown of several stages of development of deficien- 
cies of K, P, Mg, Ca, S, Mn, B, and Ee on Bowden 41-A cotton grown in aerated water 
culture in the greenhouse. The pattern of most of the deficiency symptoms was much the 
same as that reported for field conditions, but there was a failure of the red color to 
develop, even on severely affected leaves, in magnesium and potassium deficient solutions. 
The exclusion of ultra violet radiation by the glass is suggested as the main cause of this 
lack of red coloration. 

A New Leaf Spot of Pig. E. 0. Tims. In August, 1939, an apparently undescribed 
leaf spot of fig, Celeste variety, was observed on a single tree near Houma, Louisiana. In 
late summer, 1940, it was again observed in several plantings in the same vicinity. Infec- 
tion apparently does not appear until after most of the figs have ripened. For this reason 
it probably will cause little damage. The spots are light brown and usually have a darker 
brown border. A number of irregular concentric rings usually are found on the upper 
surface of the spots, and numerous, small, white, cushion-like fruiting structures of the 
fungus are conspicuous on the lower surface. Tlxe centers of the larger spots, 4-5 cm., 
often fall out, giving the leaves a very ragged appearance. Bepeated isolations of the 
organism, tentatively identified as Cephalosporium acremonium (Got da) j have been made 
and its pathogenicity established. Under favorable conditions of warm, moist weather, 
the spots enlarge rapidly on inoculated leaves. Leaf infection appears to take place in 
the absence of wounds. 

Fusarium Hypocotyl Bot of Lupines. J. L. Weimer. A destructive rot of the hypo- 
cotyl oi Lupinus luteus L. was found at Quincy, Florida, in the spring of 1939. Diseased 
plants have since been received from Gainesville, Florida, and have been collected at 
Tifton and Americus, Georgia, and Auburn, Alabama. L. angustifolius mid L. albiis also 
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are attacked, althoiigli L. luteus and L. alhiis apparently are more susceptible tban is L. 
angnstifoUus, Older plants are not immune- young ones often are killed by severed hypo- 
cotyls. The hypocotyl-rot lesions may be mahogany red, chestnut, eliocolate, or almost 
black, varying with tiie moisture and host species. Frequently, the lesion surface exhibits 
one or more usually longitudinal fissures. The necrotic tissue sinks, forming a typical 
canker. Often the hypoeotyl just above and below the canker is somewhat enlarged. In 
the final stages of the disease, tops of affected plants are dwarfed, leaves turn yelhnv, wilt, 
and the plant dies. The disease is caused by a species of Fiisarluni belonging to the 
Martiella group, but the species has not yet been definitely determined. Isolafes from 
several sources readily reproduce the disease when the inoculum is placed against the 
underground part of the hypoeotyl without wounding it. An isolate of the Fiisariuni from 
cotyledon lesions reproduced the disease in inoculated plants, indicating tliat it is seed- 
borne, The disease, however, has been so widespread in some plats that it seems probable 
the fungus is more or less common in the soil. (Cooperative investigation between IT. S. 
Department of Agriculture and Georgia Agricultural Experiment Station.) 


SOME HYPHOMYCETES PARASITIC ON FREE-LIVING 
TERRICOLOUS NEMATODES 


Charles Dbechslee 
(Accepted for publication January 18, 1941) 

Agar plate cultures, prepared in the isolation of parasitic oomycetes 
from discolored roots or other decaying plant materials, often permit 
abundant multiplication of free-living nematodes, which then are frequently 
destroyed in large numbers by various predaceous and parasitic fungi. As 
the parasitic manner of attack, wherein infection comes about from germi- 
nation of affixed or ingested spores, is shared widely among fungi, it is 
not surprising that the parasitic forms destructive to eelworms are rather 
diverse in their taxonomic relationships. Thus, while the 3 parasites that I 
described earlier (9, 10) under the binomials Etiryancale sacciosporay Hapto- 
glossa heterosporay and Meristacrum asterosperrmiMy all belong in the Phy- 
comycetes, they are referable to 3 different groups within that class. Ten 
additional species, similarly parasitic, but, from their septate vegetative 
mycelium, obviously belonging with the higher rather than with the lower 
fungi, are described herein. Important or conspicuous differences in the 
morphology of their conidial apparatus divide these species into 4 categories, 
only one of which is represented by more than a single genus. 

TWO FUNGI WITH CLAMP CONNECTIONS IN THEIR CONIUIIFEROUS HYPHAE 

In maize-meal-agar plate cultures, planted with leaf mold originating 
from wooded tracts in and near Washington, D. C., nematodes of the genus 
Bunonema have often been found undergoing destruction by a fungus more 
robust than Euryancale sacciosporay yet somewhat similar to that curious 
zoopagaceous parasite in the ranginess of its reproductive filaments. To 
initiate infection the elongated conidium of the fungus attaches itself usually 
to the anterior portion of an eelworm by means of a short adhesive process 
arising from the narrower of its two ends (Fig. 1, A, a). This process per- 
forates the integument and then continues growth in extending a system of 
assimilative hyphae longitudinally through the animal. When the fleshy 
contents have been largely appropriated the assimilative mycelium gives 
rise to several branches that erupt from the integument and grow over the 
surface of the substratum. Until they attain some length the external 
hyphae remain continuous (Fig. 1, A, b, c, d). Indeed, ordinary cross-walls 
are never laid down in these filaments, for deposition of septa takes place 
here only in the formation of clamp connections, the latter process, again, in 
most instances being closely associated with spore production (Fig. 1, B-N). 

The hyaline, somewhat fusiform conidia (Fig. 1, 0, a-^o), which serve 
in the infection of host animals, are formed terminally on erect, tapering, 
aerial sterigmata (Fig, 1, B, c-g, i-1, q, s-w) arising from the prostrate 
hyphae at intervals varying usually between 30 p and 50 p. After 1 
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conidium lias been cut off the sterigma often grows out laterally, thereby 
giving rise to a spur on which a second conidium is produced (Pig. 1, B, h, 
m-p, r; J~L). Occasionally the process is repeated, with resultant forma- 
tion of a third spore. Although the sterigma is sometimes borne directly 
on a clamp connection (Fig. 1, B, e, g, j, o, q, s, t; G), it more frequently 
arises a short distance backward from a clamp, that is, nearer the origin of 
the parent filament (Pig. 1, B, c, d, f, h, i, k, m, n, p, r, u, vj C, b, c, d). 
Here and there supernumerary clamp connections may be found that have 
no close positional relationship to any sterigma. The sequence in develop- 
ment of sterigmata and of the clamps associated with them would seem sub- 
ject to irregularity, since some growing conidiiferous filaments are found 
terminating in an ascending sterigmatic part (Pig. 1, B, 1, w), while others 
are found bearing 1 or 2 clamps beyond the most distal of their sterigmata 
(Fig. 1, C). The interrelationships here appear rather closely similar to 
the interrelationships in the clamp-bearing conidiiferous hyphae of Cortic- 
mm incncstans Hohn, and Litsch. (= C. roseopallens Burt) , as illustrated first 
by L^^man (22) and, more recently, with cytological detail by Nobles (25). 
Somewhat comparable arrangement of parts is evident also in one of Van- 
dendries’ figures (40, Pig. 7) showing a diploid conidiiferous branch of 
Pleurotus pinsitus Pr. 

Before a conidium attains full maturity, and while it is still attached to 
the sterigma, its elongated fusiod shape is modified through the production 
of a small, mostly knob-like, apical excrescence (Pig. I, P-J ; 0, a-o). Ap- 
parently, this protuberance is more or less adhesive, and thus may well be 
of service for a time in helping to fasten the spore to a prospective nematode 
host. However, after the conidium has fallen off onto the substratum, the 
distal knob usually suffers obliteration, owing to the production of an erect 
or ascending hyphal outgrowth from the apex of the spore (Pig. Ij P, a-e). 
This outgrowth, which usually arises somewhat obliquely with respect to 
the conidial axis, would seem strongly adhesive, and undoubtedly is efficient 
in attaching the spore to a suitable eelworm. The material required for put- 
ting forth the hyphal process is obtained through evacuation of a basal 

Fig. 1. Nematoctonus tylospoms, drawn to a uniform scale with the aid of a camera 
Incida; xlOOO throughout. A. Specimen of Bunonema sp. permeated with assimilative 
hyphae of the fungus: a, conidium by which the animal was infected; b, e, d, young 
conidiophorous filaments. B. Specimen of Bunomena sp. permeated with assimilative 
hyphae from which 2 conidiophorus filaments, a and b, are being extended; for lack of 
space these filaments are shown in parts, the proper continuity of which is made evident 
in that the sterigmata arising from filament a are designated in acropetal order by the 
alphabetical sequence c to 1, while those arising from the filament b are designated in 
acropetal order by the alphabetical sequence m to w. C. Six portions of a growing 
conidiophorous filament designated in acropetal order by the letters a to f ; showing 
development of eonidia on their sterigmata, and positional relationship of sterigmata to 
clamp connections. F-I. Portions of conidiophorous hyphae, each showing a fully devel- 
oped conidium on a simple sterigma arising in close proximity to a clamp connection. 
J-L. Portions of conidiophorus hyphae, each showing a branched sterigma close to a 
clamp connection. M, N. Two sterigmata, each bearing a resting spore. O, a-o. Conidia 
as ab jointed from their sterigmata, showing variations with respect to size, shape, and 
terminal modification. P, a~e. Detached conidia, each bearing an adhesive apical out- 
growth. Q, a-h. Besting spores showing variations in shape and size. 
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portion of the eonidium. As the process, on attaining a length equivalent 
to i or I the length of the spore, makes no further growth, except in the 
infection of a nematode, its production must be considered rather different 
from the ordinary type of vegetative germination whereby saprophytic fungi 
initiate development of a new mycelium. 

Occasionally, in place of the smooth fusoid eonidia hitherto discussed, 
the sterigmata of the fungus bear shorter, wider, prolate ellipsoidal spores, 
of minutely verrucose sculpturing and faintly yellowish coloration (Pig. 1, 
Mj N; Q, a~h). These spores have not so far been seen to germinate, or to 
bring about infection of nematodes. In the rather meager material afford- 
ing their production it was not apparent that they are formed in asymmetri- 
cal relationship to the sterigmata, or that they are shot away by a drop- 
secretion mechanism after the manner of basidiospores in the Hymenomy- 
cetes and Uredineae (3). The accessory reproductive bodies may perhaps 
best be considered as resting eonidia adapted for survival over unfavorable 
periods, and, therefore, corresponding more or less closely to the asexual 
spores of terminal origin designated by Mason (24) as aleuriospores. 

A closely related fungus was found destroying eelworms in an old maize- 
meal-agar plate culture to which had been added some pinches of leaf mold 
collected in deciduous woods near Butternut, Wis., in September, 1938. 
The animals attacked by it included representatives of the genera BhahdiUs 
and Wilsonemaf as well as specimens of Plectus parvus Bastian (Pig, 2, A). 
During the earlier stages of infection the branching system of assimilative 
hyphae extending lengthwise through the fleshy body are always badly 
obscured by the innumerable globules resulting from degeneration of mus- 
culature and organs. The assimilative hyphae soon give rise to a number 
of branches, which, after erupting from the integument of the host, extend 
over the surface of the substratum. On the external filament thus brought 
into being clamp connections are formed at intervals (Pig. 2, A, a; B) and 
erect aerial eonidia (Pig. 2, C-I) are produced in successively more distal 
positions until the protoplasmic materials of the fungus have been used up. 
The sterigmata here are appreciably shorter than those of the related species 

EiG. 2, Drawn to a -uniform scale with the aid of a camera lucida; x 1000 throughout. 

Nematoctonus leiosporus: A. Specimen of Fleetus paf'yus occupied by branching as- 
similative hyphae, which are extending 2 conidiophorous hyphae j one of these hyphae, a, 
with its 2 clamp connections is shown separately. B. Terminal portion of a growing 
conidiophorus filament, showing a clamp connection in process of development. 0. Ter- 
minal portion of a growing conidiophors filament, with 2 clamp connections and a young 
eonidium. D-I. Portions of growing eonidiophorous filaments, each showing a fully de- 
veloped eonidium borne on a sterigma arising a short distance proximad from a clamp- 
connection. J, a-m. Conidia showing variations in size and shape. E, a-i. Conidia, which, 
after falling on agar medium, have each ]Dut forth an erect adhesive process whose tip is 
inclosed in a droplet of adhesive secretion. 

Acrostalagmus 'hactrosporus : L. Median portion of an invaded specimen of Flectus 
parvus, showing origin of a well developed conidiophore from an assimilative hypha^ — 
from lack of space the conidiophore is drawn in 2 parts, which are connected by a broken 
line; and the conidiiferous branches are shown without any of the conidia ab jointed by 
them. M. Origin of a branched conidiophore from the posterior portion of an infected 
specimen of P. parvus; showing spore clusters attached to the conidiiferous branches. 

N. Small specimen of P, parv%hs to which numerous conidia of the parasite are affixed. 

O. Conidia showing variations in size and shape. 
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from Washington, D. C., and regularly conclude their development with the 
production of a single conidium. Greater length and a tapering digitif orm 
shape distinguish the conidia of the Wisconsin fungus (Fig. 2, J, a—ni) from 
those of the eastern species. Further, the conidia of the parasite from Wis- 
consin show no apical modification as long as they are supported aloft on 
their sterigmata. However, very soon after falling on the substratum they 
invariably burgeon forth an erect hyphal process from the distal end. 
When this process has attained a length equal to about one-third the length 
of the spore, it stops growing and secretes at its tip a glistening droplet of 
hyaline adhesive material (Fig. 2, K, a-i). In its position, nearly 10 p 
above the substratum, the adhesive droplet is advantageously placed to 
operate in fastening the conidium to any nematode that may come creeping 
along on the surface. Production of the adhesive process is accomplished 
here, just as in the related species, through withdrawal of protoplasmic con- 
tents from the proximal end of the spore. Additional germinative develop- 
ment takes place only in the successful invasion of a host animal. The 
fungus consequently would seem to lack all capacity for saprophytic grow^th. 

The presence of numerous clamp connections in their conidiophorous 
hyphae marks the 2 parasites as belonging unmistakably among the Basidio- 
myeetes. Now, the large membership of this class of fungi has been little 
implicated in parasitism on animals. According to recent investigations by 
Couch (5) the genus fifepifohasidmm subsists on scale insects through a rela- 
tionship, which, though involving parasitism, is interpretable as symbiosis 
when broadly considered. TJredinella coccidiopliaga, described by Couch 
(4) as the type of a new genus intermediate in morphology betw^een the 
rusts and Septolasidium, likewise subsists through parasitism on scale in- 
sects. MacMillan (23) observed earlier that when swarms of small flies 
visited fruiting bodies of Polyporus applanatus (Pers.) Wallr., an occasional 
insect would get its feet caught between the clefts, and, being unable to 
extricate itself, would soon die. Its body thereupon would promptly become 
enveloped by new mycelial growth, and its substance utilized in the forma- 
tion of additional hymenial pores. Such incidental utilization of nourishing 
material, as Sartory (35) pointed out, can hardly be held to constitute 
parasitism. Hirsutella entomophila Pat., originally described (28) in 1892 
as a member of the Clavariaceae occurring parasitically on a coleopteron 
from Ecuador, and accordingly compiled by Gueguin (12) and Sartory (35) 
as a basidiomycete parasitic on an animal host, has been shown by Spear e 
(39) to be a hyphomycete, very probably achieving its sexual stage as a 
species of the ascomycetous genus Cordiceps. As Petch (30) later rather 
definitely determined a pleomorphic connection between another species of 
Hirsutella and Cordiceps, Patouillard’s fungus can no longer be reckoned 
among the basidiomycetes. Again, Sartory ’s subsumption under the Proto- 
basidiomycetes of Trichoceridiuwi ramosum Poisson enid Dixidium dixae 
Poisson, both occurring as intestinal parasites of dipterous larvae (33), 
would seem to be sustained only in some meager resemblance that the sporu- 
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latiiig branches of D. dixae bear to rust mycelia and to the transversely 
septate basidia in the genus Auricularia, D. dixae, moreover, appears not 
to be pathogenic to its host. By contrast, the 2 clamp-bearing fungi reveal 
ill their destructive parasitism on motile animals a biotic relationship excep- 
tional among basidomycetes — so exceptional, indeed, that it must be con- 
sidered a feature of primary taxonomic importance. Wherefore, instead 
of assigning the fungi separately to such unsuitable genera as Cylindrophora 
and Acremonium, I am placing them in a new mucedinaceous genus for 
which a name compounded of 2 words meaning ^ thread’’ and ‘^murder,’’ 
respectively, may not be inappropriate. The specific epithets applied to 
them, constructed in part of words meaning ^^knob’^ and smooth’’ respec- 
tively, are intended to be descriptive of their conidia previous to disarticula- 
tion. 

Nematoctonus, gen. nov. 

Mycelium filiforme, hyalinum^ hypMs assumeutibus plus minusve ramosis, inti*a 
animalcula viventia evolutis ; hypliis exteris plerumque sparsis, saepe rej)eiitibus, in 
modum Hymenomycetum septato-nodosis, hie illic ex apice sterigmatum erectorum sim- 
plicium vel paree ramosorum conidia hyalina etiam quandoque sporas dilute eoloratas 
gignentibus. 

Mycelium filamentous, hyaline; the assimilative hyphae, more or less branched, devel- 
oping within minute living animals; the nonassimilating hyphae developing outside of 
animals, mostly sparse, often prostrate, provided with clamp connections, at intervals 
producing hyaline conidia, together sometimes with slightly colored spores, on simple or 
slightly branched ascending sterigmata. 

Nematoctonus tylosporus, sp. 110V. 

Hyphae assumentes irregulariter ramosae, plerumque 2.5-3 .5 ^ crassae, intra vermicu- 
lum nematoideum viventem crescentes, post mortem animalis aliquot hyphas fertilis 
repentis emittentes ; hyphis f ertilibus septato-nodosis, vulgo .5-2 mm. longis, 1.5-2 pt 
crassis, conidia vel rarius sporas perdurantes ex sterigmatibus gerentibus ; sterigmatibus 
erectis, vulgo 5-13 jx altis, basi 1. 7-2.5 p, crassis, sursum attenuatis, apice .8 p crassis, 
inter se 30-50 p distantibus, primo simplicibus postae a latere ramulum brevem saepe 
emittentibus et sporam alteram prof erentibus ; conidiis continuis, incoloratis, fusoideis, 
plerumque 17-22 p longis, 2.3-2,7 p crassis, basi rotundatis vel rotundo-truncatis, apice 
tuberculo minuto praeditis, postea ibi hypham germinationis circa 10 p longam 1 p cras- 
sam oblique emittentibus; sporis perdurantibus continuis, flavidis, minute verrucosis, 
elongato-ellipsoideis vel obovoideis, 8-11 p longis, 4-4.5 p crassis. 

Yermiculos nematoideos specierum Bunonematis neeans habitat in humo silvestri 
prope Beltsville, Maryland, et in Washington, D, 0., et in Arlington, Virginia. 

Assimilative hyphae irregularly branched, mostly 2.5 to 3,5 p wide, developing within 
living nematodes, after death of host animal extending several conidiophorous hyphae 
over the substratum ; conidiophorous hyphae 1.5 to 2 p wide, often attaining lengths of 
.5 to 2 mm., provided with clamp connections, producing conidia and more rarely resting 
spores on erect sterigmata; the sterigmata commonly 5 to 13 p high, 1.7 to 2.5 p wide at 
the base, tapering upward to a width of about .8 p at the tip, spaced at intervals of 30 
to 50 p, at first simple but later often putting forth a short branch and giving rise to a 
second spore thereon; the conidia aseptate, colorless, spindle-shaped, mostly 17 to 22 p 
long, 2,3 to 2.7 p wide, rounded or somewhat truncate at the base, provided at the apex 
with a small knob, after disjunction often giving rise from the distal end to an incipient 
germ tube about 10 p long and Ip wide; the resting spores aseptate, slightly yellowish, 
minutely warty, elongate ellipsoid or somewhat obovoid, 8 to 11 p long and 4 to 4.5 p 
wide. , ■ , ■ 

Destroying nematodes referable to species of Bunonema it occurs in leaf mold near 
Beltsville, Md., in Washington, D. 0., and in Arlington, Va. 

Nematoctonus leiosporus, sp. nov. 

Hyphae assumentes irregulariter ramosae, plerumque 2-3 p crassae, intra corpora 
viventia vermiculorum nematoideorum crescentes, post mortem animalis aliquot hyphas 
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fertnis repentis emittentes ^ LypMs fertilibus septato-nodosis, saepras .5-2 mm. longis, 
1.5-2 II erassis, conidia singulatim Me illic ex sterigmatibus gerentibiis ; stengmatibus 
erectis, simplicibus, 2-5 \i altis, basi circa 1.5 p, crassis, sursum atteniiatis, inter se 30-60 p, 
distantibiis; conidiis continnis, incoloratis, digitlformibus, plerumqne rectis, ntrimque 
rotniidatis, snrsum attennatis, 20-27 p, longis, 2.6-3.4p, crassis, ex apiee bypbam glutino- 
sam mox emittentibus ; bypba glutinosa erecta, circa 10 j.i longa, basi 1-1.5 {.i erassa^ aplce 
guttulam 3-4 p, crassam f erente. 

Vermieulos nematoideos (qui ex parte specierum Plecti et Ehabditis et Wilsonematis 
sunt) neeans habitat in humo silvestri prope Butternut, Wisconsin. 

Assimilative hyphae irregularly branched, mostly 2 to 3 p wide, developing within 
living nematodes, after the death of a host animal extending several conidiophorous 
hyphae over the substratum; conidiophorous hyphae often .5 to 2 mm. long and 1.5 to 
2 p wide, provided with clamp connections at intervals of 30 to 60 p, producing conidia 
singly on erect sterigmata; sterigmata simple, 2 to 5 p high, about 1.5 p wide at the 
base, tapering upward; conidia aseptate, colorless, digitiform, rounded at both ends, 
tapering gradually upward, mostly straight, at maturity measuring commonly 20 to 27 p 
in length by 2.6 to 3.4 p in width, after falling on the substratum giving rise at the apex to 
an erect adhesive process ; this process often approximately 10 p long, 1 to 1.5 p wide at 
the base, and bearing at its tip a glutinous droplet 3 to 4 p in diameter. 

Destroying nematodes belonging in part to species of PleetuSj MliabditiSy and Wil~ 
sonema it occurs in leaf mold near Butternut, Wis. 

Ill framing tlie diagnosis of N emaioctomis consideration was given to 
another nematode-destroying fungus that, hitherto, I have seen only in 
material kindly sent to me from Hawaii by M. B. Linford. According to 
information supplied in a letter accompanying the material this fungus was 
observed to destroy larvae of Heterodera marioni (Cornu) Goodey, as well 
as specimens of AphelencMis avenae Bastian and representatives of the 
genera Bhalditis and Cephalobus^ in cultures prepared with washings from 
pineapple (Ananas saiiviis Schult.) roots collected at Wahaiawa, Oahu. 
Among the many fungus enemies of nematodes that came to light in similar 
cultures (19, 20) it was conspicuous through its production of clamp con- 
nections. Unlike the 2 clamp-bearing species from continental sources the 
Hawaiian fungus is predaceous in its mode of attack. To capture prey it 
utilizes erect hyphal processes bearing droplets of adhesive mucus at the 
tip. As the processes often contain from 1 to 3 cross walls and frequently 
measure 10 to 20 p in length, they invite comparison more especially with the 
somewhat similar predaceous processes of Daotylella gephyropaga Drechsl. 
(8) during the earlier stages of development. The mycelial hyphae, which 
measure about 2.5 \x in width, bear at intervals on rather minute conical 
sterigmata strongly curved allantoid conidia approximately 20 p long and 
5 p wide. 

POUR HYPHOMYCETES THAT FORM CONIDIA SUCCESSIVELY ON 
FLASK-SHAPED BRANCHES 

In old agar plate cultures planted with decaying vegetable material 
specimens of Pleofus parvus are often found undergoing destruction by a 
handsomely vertieillate fungus. When the globulose, degenerating contents 
of an infected animal have been largely expropriated the vegetative stage of 
the parasite becomes discernible within as a septate branched mycelium filled 
with densely granular protoplasm. From this mycelium lateral branches 
are soon put forth, which, after breaking through the host integument, make 
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their way to the surface of the substratum, and then extend into the air as 
erect or ascending conidiophores (Pig. 2, L, M). The several conidiophores 
originating from animals that happened to succumb deep under the sub- 
stratum usually emerge at some distance from one another. In instances 
where an infected eelworm has succumbed on the surface, the several repro- 
ductive filaments for the most part grow directly into the air, so that their 
common origin from an individual host animal is immediately obvious. 

The conidiophores, which, with respect to their main design, may be 
simple or sparingly branched, become divided by transverse septa into seg- 
ments varying between 15 and 20 [i in length. Most of the segments give 
rise at the distal end to 2 or 3 flask-shaped conidiiferous branches, though 
some segments bear only 1 such branch, and others put forth as many as 5 
(Pig. 2, L, M). Despite rather frequent irregularity of positional relation- 
ships the conidiiferous branches appear in predominantly verticillate ar- 
rangement. Each produces successively on its tapering sterigma about a 
dozen small conidia that remain attached in a cluster, evidently being held 
together by adhesive material (Pig. 2, M). 

The presence of an adhesive substance is manifest likewise when the 
conidia become attached to host animals preparatory to infection. Larvae 
of Plectus parvus have often been found beset with dozens of spores (Pig. 
2, N), every spore adhering by one of its ends. Although the foothold 
derived from such narrow contact looks very insecure, it is maintained in 
spite of the energetic squirming of the nematode. 

The fungus appears eligible for inclusion in Acrostalagmus, since that 
genus would seem to be distinguished by verticillate arrangement of flask- 
shaped conidiiferous branches from each of which conidia are ab jointed one 
after another to collect in a glutinous head. Various entomogenous species 
of Acrostalagmus have long been known, as, for example, A. aphidum Oude- 
mans (26) and A. coccidicola Gueguin (12). Such entomogenous forms 
have presented some difficulties of classification owing to the circumstance 
that often they bear conidiiferous branches in part verticillately and in part 
singly; the single branches being approximately equivalent to the simple 
conidiophores of the genera Cepkalosporium and Hyalopus. After con- 
sidering representations by Gueguin (13) on the similarity of Hyalopiis 
and Acrosialagmus, as well as representations by Parkin (27), Lindau (18, 
p. 100-101), and Buchanan (2) on the relationship of Acrosialagmus and 
Gepkalosporiumj Fetch (31) concluded that it would be most expedient to 
place in Cepkalospormm certain verticillate species occurring on scale in- 
sects,— a disposition he subsequently extended to similar verticillate forms 
on insect hosts generally. Nevertheless, in naming these fungi. Fetch often 
mentions Acrosialagmus in parentheses; a new species growing on thrips, 
for example, being presented by him (32) as Cepkalospormm (Acrosia- 
lagmus) ikripidum. 


As Acrosialagmus^ erected in 1838, antedates Cepkalosporium by a year, 
and as it was founded on a much more distinctive type of conidia! appa- 
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ratus, its abasement in favor of the latter genus seems somewhat inadvisable. 

I am, therefore, describing the vertieillate parasite as a species of Acrosta- 
lagmus under an epithet intended to have reference to its bacillus-like coni- 
dium. The rather traditional interpretation of mucedinaceous genera fol- 
lowed herein should not result in any confusion of species ; for, while the 
present fungus and the 3 related fungi next to be considered appear truly 
akin to the entomogenous forms subsumed by Fetch under Cephalosponum, 
it is not evident from study of the relevant literature that any of the fungi 
hitherto found occurring as habitual parasites on eelworms are to be num- 
bered among the parasites destructive to insects or spiders. 

Acrostalagmus bactrosporus, sp. nov. 

Mycelium nutritum hyalinum, ramosum, septatum^ iiitra venniciilos nematoicleos 
viveutes evolutum, ex liyphis filiformibus 2—2.5 jx erassis compositum. Hyphae fertiles in 
aere 100-400 jx se porrigentes, sursum erectae vel aseendeiites, liyalinae, plerumque 2-3.5 jx 
crassae, axe simpliees vel parce ramosae, in cellulis saepe 15-20 jx longis constantes, 
quaque cellula 1-5 ramulos eonidiferos magnam partem sursum ferente; ramulis conidi- 
feris (phialis) plerumque binis vel ternis verticillatis, lageniformibus, saepius 10-15 jx 
longis, prope basim 2-5~3.5 [i erassis, quoque sursum in sterigma .5-1 jx crassum abeunte, 
et ex apice sterigmatis 5-15 conidia deineeps gerente; conidiis coliaerentibus, continuis, 
byalinis, bacilliformibus, 2-3 p, longis, 1.3-1.6 jx erassis. 

Pleetum parvum necans habitat large in humo silvestri et alteris materiis j^bi^itarum 
putrescentibus prope Beltsville, Maryland, et in Arlington, Virginia. 

Assimilative mycelium hyaline, branched, septate, growing within living nematodes, 
composed of filamentous hyphae 2 to 2.5 jx wide. Conidiophores extending 100 to 400 jx 
into the air, the aerial portion erect or ascending, mostly 2 to 3.5 jx wide, the axial fila- 
ment simple or sparingly branched, and consisting of cells, often 15 to 20 jx long, each 
of which bears 1 to 5 conidiiferous branches mainly at its distal end; conidiiferous 
branches (phialides) mostly arranged in whorls of 2 or 3, lageniform, 2.5 to 3.5 |x wide 
near the base, each terminating in a sterigma .5 to 1 )x wide at the tip, whereon 5 to 15 
conidia are borne successively; conidia aseptate, hyaline, bacilliform, 2 to 3 ^ long, 1.3 
to 1.6 }x wide, cohering in a head. 

Destroying nematodes referable to Plectus parvus, it occurs abundantly in leaf mold 
and other decaying vegetable materials near Beltsville, Md., and in Arlington, Ya. 

In. a few maize-meal-agar plate cultures to which had been added some 
friable detritus from disintegrating stems of the giant ragweed {Amhrosia 
trifida L.)— detritus collected in Arlington, Va., late in March 1938— eel- 
worms of the same species often destroyed by Acrostalagmus hacirosporiis 
were found being parasitized by an allied fungus. While this related spe- 
cies shows little individuality with respect to its vegetative development 
within the host animal, its conidial apparatus is readily distinguishable 
from that of other hyphomycetes subsisting on nematodes. The conidio- 
phorus filaments, after erupting from the host integument and growing 
through the overlying material, extend often somewhat irregularly either by 
creeping along the surface of the substratum or by elongating into the air. 
On the prostrate or ascending portions of the filaments (Fig. 3, A-E) are 
borne conidiiferous branches, mostly of the familiar flask-shaped type, with a 
short sterigma distally prolonging the swollen basal part, though, occasionally, 
the sterigma may be borne laterally on the swollen part. The conidiiferous 
branches may arise singly or in pairs, or, again, in groups of 3, 4, 5, or 6. 
The more numerous groups, especially when attached to ascending portions 
of a conidiophorous filament, are often arranged verticillately. Because of 
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Pig. 3. Prawn with the aid of a camera lucida; x 1000 throughout, 

Acrostalagmus ohovatus : A, B, Conidiophorus hyphae shown with sterigmata mostly 
denuded. 0. Oonidiophorous hypha with all except 2 conidiiferous branches shown de- 
nuded of spores. P, E, Oonidiophorous hyphae with spore clusters shown in position. 
P. Petached eonidia. 

Sarposporium Tielicoides: G. Portion of infected specimen of Bhahditis from which 
5 conidiophorous hyphae, a-e, have grown out; one of them, a, being shown entirely, though 
largely denuded of its eonidia. H, a-k, Petached eonidia. 
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tliis Tertieillation and the persistence of the successively ab jointed eonidia 
in coherent heads, the fungus seems most appropriately referable to the 
genus AcTOsiolctQMUS. Usually about 20 eonidia are produced at the tip of 
a sterigma, but often several eonidial clusters become confluent to form 
masses containing larger numbers of spores. A term meaning ^Uike an 
inverted egg^^ approximately describes the shape of the eonidiimi (Fig. 3, F ) 
and is therefore used as the specific name to set the fungus apart from A. 
hadrosponts. 

Acrostalagmus obovatus, sp. nov. 

Mycelium ixutritum liyalinum, ramosum, septatum, iiitra vermieulos nematoicleos 
viventes evolutum, ex hyphis filiformibus 2—3 fx crassis composituni. Hypbae fertiles extra 
animal emortuum evolutae, repentes vel aseendentes, liyaliiiae, axe simplices vel paree 
ramosae, saepe 50-500 p, longae, plerumque 1.7-3 p crassae, in eelMis saepius 15-20 p 
longis constantes, nonnullis cellulis 1-6 ramulos conidiferos ferentibiis; ramulis conidiferis 
(pbialis) mode singulis vel binis mode 3-6 aggregatis vel vertieillatis, vulgo lageniformi- 
bus, 6-10 p longis, prope basin plerumque 2.5-3.5 p erassis, quoque in breve sterigma .5 p 
erassum abeunte et ex apiee sterigmatis circa 20 eonidia deinceps ^ gerente ; conidiis 
coliaerentibus, coiitinuis, ineoloratis, ellipsoides vel inversum ovoideis, circa 3 p longis, 2 p 
erassis. 

Pleetum parvum necans habitat in caulibus Ambrosiae trifidae putrescentibus in 
Arlington, Virginia. 

Assimilative mycelium hyaline, branched, septate, growing within living nematodes 
and composed of filamentous hyphae 2 to 3 p wide. Conidiophorous hyphae formed out- 
side of the dead host animal, creeping or ascending, hyaline, the axial filament simple or 
sparingly branched, often 50 to 500 p long, mostly 1.7 to 3 p wide, consisting of cells 
often 15 to 20 p long, some of which bear 1 to 6 conidiif erous branches ; conidiif erous 
branches (phialides) sometimes borne singly or in pairs, and sometimes aggregated in 
numbers from 3 to 6 in whorls or more irregular groups, commonly flask-shaped, 6 to 10 p 
long, mostly 2.5 to 3.5 p wide near the base, each bearing terminally or more rarely lat- 
erally a short sterigma .5 p wide and at the apex thereof producing in succession about 
20 eonidia ; the eonidia aseptate, colorless, ellipsoid or obovoid, about 3 p long and 2 p wide, 
cohering in a terminal head. 

Destroying nematodes referable to PlecUis parvus it occurs in decaying stems of 
Ambrosia irifida in Arlington, Ya. 

In several maize-meahagar plate cultures, to which had been added small 
quantities of leaf mold collected near Haugen, Wis., in September, 1939, 
the same species of nematode attacked by the 2 Yerticillate hyphomycetes 
just described was found parasitized occasionally by a related fungus with 
rangier eonidial apparatus. While this fungus attacked Pleetus parvus 
only sparingly it parasitized Acroheloides hutschlii (De Man) Thorne much 
more freely. Infected eelworms of either species often showed extensive 
separation of integument from musculature (Fig. 4, A). Usually, the 
closely septate hyphae of the assimilative mycelium was not clearly dis- 
cernible until after the globulose degenerating contents of the animal had 
been largely appropriated. Before this stage was reached filaments from 
the assimilative mycelium had usually grown out through the host integu- 
ment and had begun to extend themselves over the surface of the substra- 
tum, at the same time giving rise in successively more distal positions to 
elect, flask-shaped, eonidiiferous branches. Ultimately, when the filaments 
have concluded their development and have become partitioned at moderate 
intei vals, the eonidiiferous branches are to be found arising singly or, less 
often, in pairs from positions usually a short distance back of the cross- 
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I'lG. 4. Cephalosporium l)alanoides, dvawn with of cameTSilvLcidsL. A. Speeimeu 

of Acroheloides ’butschlii from which 6 eonidiphorous hyphae have grown out : not all of the 
conidia produced on the sterigmata are shown; xlOOO. B. Detached conidia* xlOOO 
C. Two conidia affixed to head of a specimen of A, Mtschlii; xlOOO. D. Conidia’- x 2000* 
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walls. The individual branch, as a rule, tapers distally into a slender 
sterigma, yet in some instances it is represented by an ellipsoidal body from 
which a sterigma arises laterally. Bach sterigma abjoints successively 
about a dozen conidia, which cohere and for some time remain attached in 
a terminal head. During later stages of an epizootic within an agar culture 
conidia are often to be seen adhering to a host animal close to its mouth 
(Pig. 4, C), suggesting that frequently, if not usually, invasion may pro- 
ceed from the head toward the tail. 

In conformity to what would seem to be prevailing usage, I am referring 
the fungus to the genus Gephalosporium. It is hoped that this disposition, 
with its implication that the flask-shaped elements are interpretable as conid- 
iophores, will not make for any misunderstanding of homologies with other 
nematode-destroying hyphomycetes. Obviously these branches are homol- 
ogous not with the erect or ascending axial filaments in forms like Aero- 
stalagmiis hactrosponiSf but with the flask-shaped branches borne on those 
filaments, in large part verticillately. The actual homologies might perhaps 
be brought into better relief by resorting to a somewhat recent terminology 
according to which the flask-shaped conidiiferous elements, regardless of 
their arrangement or position, are designated as phialides, while the fila- 
ments bearing them, whether erect or prostrate or submerged, are designated 
as phialophores. 

A term meaning ‘^like an acorn is deemed suitable as an epithet for 
the fungus, though, considered more strictly, the conidia to which the term 
is intended to have reference, are invertedly nuciform, since they are trun- 
cate at the distal end and rounded at the proximal end (Fig. 4, B, D) . 

Gephalosporium balanoides, sp. nov. 

MyeelimijL nutritum hyalinum, ramosum, sei^tatum, intra vermiculos nematoideos evo- 
lutum, ex hyphis filif ormibus 1.5-3 fx crassis constans. Hyphae f ertiles extra animal 
emortnum evolutae, fere repentes rarius ascendentes, axe simpliees vel parce ramosae, 
50 p,-2 mm. longae, 1.2-2.5 p, crassae, in cellulis plerumque 10-30 p longis consistentes, 
plerisque cellulis 1-2 ramulos conidiferos a f rente ferentibus; ramulis eonidiferis (pMalis) 
vulgo erectis, plerumque lageniformibus, 7-20 p longis, prope basin 2-3.5 p crassis, sursum 
vel rarius a latere sterigmate .5-8 p crasso praeditis, ex apice sterigmatis 5-15 conidia 
deinceps gerentibus j conidiis cohaerentibus, continuis, incolor atis, inversum nucif ormibus, 
apice truncatis, basi rotundatis, 2,4-2.8 p longis, circa 2.3 crassis. 

Vermieulos nematoideos diversos necans habitat in humo silvestri prope Haugen, 
lyisconsin. 

Assimilative mycelium hyaline, branched, septate, growing within living nematodes 
and composed of filamentous hyphae 1.5 to 3 p wide. Conidiophorous hyphae developed 
outside of the dead host animal, usually creeping, rarely ascending, the axial filament 
simple or sparingly branched, 50 p to 2 mm. long, mostly 1.2 to 2.5 p wide, consisting of 
cells usually 10 to 30 p long, most of which bear 1 or sometimes 2 conidiiferous branches 
at the distal endj the conidiiferous branches (phialides) commonly erect, mostly fi,ask- 
shaped, 7 to 20 p loug, 2 to 3.5 p wide near the base, bearing distally or laterallv a 
sterigma .5 to .8 p wide and at the apex thereof objointing 5 to 15 conidia one after 
another; conidia aseptate, colorless, invertedly nuciform, truncate at the distal end, 
rounded at the proximal end, 2.4 to 2.8 p long, about 2.3 p wide, cohering in a terminal 

xlGEu* 

7 ... nematodes of several species, including Flectus parms and Acroleloides 

oat, it occurs in leaf mold near Haugen, Wis. 

A delicate and rather handsome fungus was found destroying young 
specimens of Hectus parvm in several maize-ineal-agar plate eultures to 
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whicli had been added small quantities of leaf mold collected near Bntternnt, 
Wis., in September, 1938. As the animals attacked were mostly of small 
size and in many instances were parasitized at the same time by a minute 
protozoan, the assimilative mycelium, though regularly extending from head 
to tail, often consisted only of a single meagerly branched hypha or of 2 such 
hyphae (Pig. 5, A, B, C). The reproductive filaments likewise were few in 
number. Where the host animal had happened to succumb on the surface 
of the culture medium these filaments assumed almost immediately an erect 
or ascending habit. Where, on the other hand, the host had succumbed 
under the medium, the reproductive filaments pushed their way to the sur- 
face, and extended ascendingly or gave rise to erect branches. On the aerial 
branches or prolongations flask-shaped conidiiferous ramuli were borne in 
handsome whorls; whereas the recumbent portions of the reproductive 
filaments bore such ramuli in erect posture and in promiscuous arrange- 
ment. The conidia, produced one after another on the ramuli, remained 
attached to form radiating or ascending chains (Pig. 5, A, B, C). 

The fungus manifestly is referable to the genus 8picaria, within which 
it is distinguished by the small size and coccoid shape of its conidia (Pig. 

5, D)- 

Spicaria coccospora, sp. nov. 

Myeelium nutritum hyalinum, ramosum, septatum, intra vermiciilos nematoideos evo- 
lution, ex hyphis filiformibus 1.5-3.5 crassis constans. Hyphae fertiles extra animal 
emortuum evolutae, ex magna parte ereetae vel ascendentes, axe simplices vel parce 
ramosae, vulgo 25-200 |x longae, 1.5-2.5 p, crassae, septatae, subter septis ramulos 
conidiferos ferentes; ramulis conidiferis (phialis) saepius 3-5 verticillatis, lageniformibus, 
vulgo 6-12 p longis, 1.8-2.5 p crassis, quoque in sterigma circa .6 p crassum abeunte et 
ex apiee sterigmatis 10-20 conidia deinceps gerente; conidiis continuis, hyalinis, globosis, 
1.3-1.7 p diam., in eatenulas digestis. 

Plectum parvum necans habitat in humo silvestri prope Butternut, Wisconsin. 

Assimilative mycelium hyaline, branched, septate, growing within living nematodes 
and composed of filamentous hyphae 1.5 to 3.5 p wide. Conidiophorous hyphae developed 
outside of the dead host animal, largely erect or ascending, the axial filament simple or 
sparingly branched, commonly 25 to 200 p long and 1.5 to 2.5 p wide, septate, in positions 
just proximad of the septa bearing conidiiferous branches; the conidiiferous branches 
(phialides) often arranged in whorls of 3 to 5, flask-shaped, commonly 6 to 12 p long 
and 1.8 to 2.5 p wide, each terminating in a sterigma about .6 p wide and at the apex 
thereof producing 10 to 20 conidia one after another; the conidia hyaline, aseptate, sub- 
spherical, 1.3 to 1.7 p in diameter, arranged in chains. 

Destroying nematodes of the species Plectus parvus, it occurs in leaf mold near Butter- 
nut, Wis. 

A PARASITE WITH CONIDidPHORES SOMEWHAT RESEMBLING 
TRANSVERSELY SEPTATE BASIDIA 

A fungus possibly allied to the nematode-destroying species of Acrostalag- 
m%is, Cephalospormm, and Spicaria, though hardly to be considered con- 
generic with any of them, was observed in several old maize-meal-agar plate 
cultures to which had been added small quantities of leaf mold collected in 
Arlington, Va., late in November, 1937. In these cultures it subsisted 
largely on eelworms of the genus Ehalditis, often attacking specimens 
belonging apparently to B. dolichura (A. Schneider) Buetsch. Subse- 
quently, the fungus was observed destroying individuals of the same sharp- 
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tailed species in maize-meal-agar plate cultnres to whicli had been added leaf 
mold collected near Butternut, Wis., early in September, 1938. M. B. 
Linford has informed me that a parasite similar to and probably identical 
with the one under consideration was observed by Mm among the organisms 
destructive to nematodes in Hawaii. 

Infected eelworms become thoroughly permeated with a rather profusely 
branched assimilative mycelium composed of septate filiform hyphae. 
Though filled with densely granular contents, these hyphae are not clearly 
discernible until they have largely appropriated the globulose degenerating 
contents of the host. Before this advanced stage in the utilization of the 
animal is reached, numerous conidiophores have been pushed out here and 
there through the integument. These conidiophores produce spores freely 
both under and on the surface of the substratum. When developing in sub- 
merged positions (Pig. 6, D, a-i; E, a, b), they usually are shorter than 
when developing recumbently (Pig. 6, D, j; P-H). Whether submerged 
or prostrate, they early become divided by cross walls into segments of 
rather uniform length. Each of the segments gives rise, usually at its distal 
end, to a short, delicate sterigma, on the, tip of which small conical conidia 
are formed one after another. Where the sterigma is under the substratum, 
the spores abjointed from it, often numbering about a dozen, remain closely 
grouped for extended periods. Possibly this grouping is attributable more 
to the support provided by the ambient than to cohesiveness. Condia pro- 
duced on the surface of an agar substratum, where they get less support, and 
where, besides, they are exposed to much more frequent jostling by active 
eelworms, generally show little clustering. When fully formed the conidia 
are predominantly of conical shape, with broadly rounded base and bluntly 
rounded apex (Pig. 6, I), though many specimens terminate distally in a 
minute knob (Pig. 6, J). This knob appears rather similar to the small 
apical excrescence present in conidia of Nematoctomis tylosporuSy and, like 
the latter modification, may play some part in fixing the spore to a prospec- 
tive host. At all events the spore always adheres to a nematode by its nar- 
rower apical end, the broader basal end projecting into the air at an approxi- 
mately right angle with the integument. When the eelworm moves through 
an agar medium the affixed conidium folds backward against the integument, 
but does not become detached. After an epizootic is well advanced in a cul- 
ture 10 to 20 conidia may often be seen affixed to a single animal, most of 
them adhering to the head. 

The type of conidial development here described would appear to be very 
unusual among the Mucedinaceae. Striking similarity in manner of sporu- 
lation is offered by a fungus that attacks European larch, Larix decidua 
Mill., causing a leaf east more especially in young plants. Prom the stomata 
of leaves infected by this fungus short sporiferous hyphae emerge in crowded 
tufts. After the individual hypha has been divided by 1 to 3 cross walls, 
each of the delimited cells puts forth a single sterigma on which commonly 
a solitary spore is found supported. Vuillemin (41), who, in 1896, gave the 
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first detailed account of the fungus, recognized the outward resemblance of 
the conidiophorus elements to promycelia of rusts. Further, he regarded 
the pseudoparenchymatous knots formed by the fungus within the stomatal 
chambers of the host — which knots, according to his account, give rise to the 
conidiophorus elements terminally on dichotomously branching outgrowths 
- — as a distinctive type of fructification. Accordingly, in describing the 
parasite as a new species under the name Meria Laricis he not only erected 
on it a new genus, but made it the basis, in part, of a new family, the 
Hypostomaceae, which he placed ''a la souche des Aseomycetes, vers le 
niveau dhu se detache Pordre des Ustilagm6es.” 

Apparently without knowledge of Yuillemin’s publication, Hartig (14) 

3 years later described the larch parasite as a new species, Allescheria 
Laricis, which, in view of the resemblance of its conidiophores to basidia of 
Auriciclaria, he made the basis of a supposedly new genus. However, since 
the term Allescheria had been used a little earlier by Saecardo and Sydow 
(34, V. 14, p. 464) as the generic name for a widely different fungus, the 
genus thus erected was compiled by Lindau (17) under a new name, HartL | 

giella, credited to Sydow. At this time, moreover, Lindau recognized the 
species as sole representative of a separate subfamily, the Hartigielleae, dis- 
tinguished by the production of a single conidium on each cell of the conidio- 
phore. Though Lindau (18, p. 260) later withdrew this subfamily in sub- 
suming H, Laricis under the subdivision Botrydeae in the Mueedinaceae- 
Hyalosporae, he remarked that the method of spore formation in the species 
had scarcely any counterpart among the Hyphomycetes. In 1905 Ynillemin 
(42) pointed out the identity of Hartig ’s fungus with Meria Laricis? and 
took occasion to stress again his interpretation of the substomatal mycelial 
nodule as a peculiar fructification highly significant in the taxonomy of the 
fungus. 

This interpretation cannot be held to have received much support from ^ 

the more recent study of Mmu Lancis by Peace and Holmes (29). When 
these investigators grew the fungus in pure culture it produced conidia on 
short septate conidiophores arising from hyphae thicker and more densely 
filled with protoplasm than ordinary mycelial hyphae. Since the eonidio- 
phores produced in pure culture were similar to the basidium-like elements 

Pig. 6 . Drawn to a uniform magnification with the aid of a camera lucida; x 1000 
throughout. 

Harposporium oxyooracum: A. Portion of a nematode of the genus Bhahditis per- 
meated with assimilative mycelium ; this mycelium has put forth an external filament that 
has branched in giving rise to several eonidiophorous hyphae, one of which is shown 
throughout its length. B, a-Zj C, a-j. Random assortment of conidia, showing variations 
in size and shape. 

Meria coniospora: D. Anterior portion of an infected specimen of JRhaibditis per- 
meated with assimilative mycelium from which 10 conidiophores have grown out, 9 of which, 
a-i, sporulated under the agar medium, while the tenth, j, was extended over the surface 
of the medium. E. Posterior portion of an infected specimen of Bhahditis containing 
assimilative hyphae from which 2 short conidiophores, a and b, have grown out over the 
surface of agar medium; one of them, a, consisting of 4 cells and thus presenting a 
specious resemblance to a transversely septate basidium. P, G, H. Conidiophores pros- 
trate on the surface of agar medium. I. Detached conidia, showing variations in size and 
shape. J. Detached conidia, each with a distal knoblike modification. 
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dcvelopBd externally on larch leaves under natural eoiiditionSj the stout 
hvphae from which they originated were justly considered as being piobably 
equivalent to the substomatal mycelial masses found in nature — an equiva- 
lence strongly tending to abate the morphological significance that Yuillemin 
imputed to these masses. The correspondence of the conidiophores to trans- 
versely septate hasidia likewise suffered some abatement from the further 
observation by Peace and Holmes that, in pure culture, the individual 
sterigma does not conclude its usefulness with the production of one 
conidium, but continues to form additional conidia, one after another. The 
British investigators held that probably also in nature an individual 
sterigma, on shedding one conidium, immediately starts to form another ; 
whereas both Yuillemin and Hartig had presumed that each sterigma bore 
only a single spore. Though Peace and Holmes agreed with Yuillemin and 
with Hartig that the conidium contained no septum at the time of its ab- 
junction, they noted that it laid down a median cross wall during an early 
stage in the process of germination. 

Whether for purposes of taxonomy the cross wall thus laid down can be 
considered equivalent to the cross wall in a conidium normally uniseptate 
at the time of abjunction, appears uncertain. In some of the figures illus- 
trating the germinating spores (29, Fig. 15, right ; Fig. 16, right) one of the 
2 chambers separated by the partition is shown devoid of contents. As the 
empty chamber in these instances bears no reproductive outgrowth of any 
kind, it must have lost its protoplasm by migration to the other chamber. 
Such movement of protoplasm, together with the early cessation of germina- 
tive development in the absence of nutrients, provides a rather marked 
analogy to the initial germination in conidia of Nematoctomis tylospoms 
and N. leiosporus, whereby these spores, though continuous at the time of 
abjunction, soon come to contain 1 (Fig. 1, P, a-c, e; Fig. 2, K, a-f, h) or 
even 2 (Fig. 1, P, d; Pig. 2, K, g) transverse partitions. With this analogy 
taken into account the findings of Peace and Holmes bring to light an ex- 
tensive parallelism between the reproductive apparatus of Meria Laricis and 
that of the conical-spored fungus destructive to eelworms. 

Production of spores on sterigmata arising singly from the segments of 
transversely septate conidiophores has been made known also in Dixidiiim 
dixae. However, owing in part to the swollen conformation of its sporiferous 
cells, and in part to the relatively large dimensions of its ellipsoidal spores, 
this curious entomogenous fungus presents an appearance rather little sug- 
gestive of the conical-spored parasite, from ’which it differs besides in its sup- 
plementary production of oidia. The parasite is, accordingly, referred to 
If em rather than to Hmdwm, though perhaps it may have eloser affinities 
with the nematode-destroying species of Acrostalagmus^ Cephalospormm, 
and Spicaria described herein than with M, laricis, to which, as well as to 
it is alien with respect to biotic relationship. 

Meria coniospora, sp. nov. 

Myeeliuiii iiiitdtiiiii hyaliuuin, niultuin Tamosuin., septatum, intra vermiculos iieuia- 
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toideos evolutum, ex hyphis filiformibus plerumque circa 3 p, crassis constans, prime proto^ 
plasmatis dense granulosi repletum. Hyphae fertiles intra materiam ambientem vel super 
materiam subjacentem evolutae, byalinae, simplices, plerumque 20-100 p longaej saepius 

2.5- 3.5 p crassae^ vulgo 3-1 0 -sept atae, septis inter se 5-15 p distantibus, eellula infima 
mode sterili mode fertili, aliis cellulis constantius fertilibus, quoque ex unico sterigmate 

1.5- 4 p longo apice .6 p erasso 5-15 conidia deinceps gerente; eonidiis hyalinis, continuis, 
eonoideiSj 4-7 p longis, prope basin 1. 8-2.5 p crassis, utrinque rotundatis, apice quandoque 
in tuberculum miiiutum abeuntibus. 

Vermiculos nematoideos diversos neeans habitat in humo silvestri prope Butternut, 
Wisconsin, et in Arlington, Virginia. 

Assimilative mycelium hyaline, richly branched, septate, growing within living nema- 
todes, consisting of filamentous hyphae often about 3 p wide, filled during early stages 
with densely granular protoplasm. Conidiophorous hyphae formed outside of the dead 
host animal, either within the surrounding material or on the underlying material, mostly 
20 to 100 p long, often 2.5 to 3.5 p wide, commonly divided by 3 to 10 septa at intervals 
of 5 to 15 p, the lowermost of the segments thus delimited sometimes sterile and some- 
times sporiferous, the other segments more consistently sporiferous, each producing suc- 
cessively 5 to 15 conidia on a single sterigma 1.5 to 4 p long and about .6 p wide at the 
tip,* conidia hyaline, continuous, conical, 4 to 7 p long, 1.8 to 2.5 p wide near the base, 
rounded at both ends, sometimes terminating in a minute knob. 

Destroying different nematodes, including species of Mhabditis it occurs in leaf mold 
near Butternut, Wis., and in Arlington, Va. 

THREE PARASITES BELONGING IN THE GENUS HARPOSPORIUM 

The fungus that under the binomial Harposporium anguillulae Lohde 
was first set forth in adequate detail by Zopf (43) appears far more fre- 
quently and is much more destructive than any other of the various hypho- 
myceous parasites found subsisting on nematodes in maize-meal-agar plate 
plate cultures prepared with decaying vegetable materials. Among the 
parasites encountered only occasionally are several forms that seemingly 
represent species distinct from the one discussed by Zopf, yet produce, like- 
wise, relativel}?' small crescent-shaped conidia on delicate sterigmata arising 
from globose excrescences borne laterally on conidiophorous filaments, and, 
therefore, likewise conform to Lohde original description (21) of H, an- 
guilhtlae. It is possible that utilization by different investigators of material 
belonging to separate species may underlie some of the discrepancies to be 
noted in the relevant literature, — such as come to light, for example, when 
the muticous filamentous conidia figured by Karling (15) and the similarly 
muticous, very slender, filamentous conidia figured by Sparrow (38) are 
compared with the acutely pointed conidia shown in Zopf’s illustrations. 
Apart from forms with crescentic spores, 3 species have been observed that, 
in their parasitism and morphology, reveal general parallelism with H, 
anguillulae. 

The most frequent of the 3 species has been found from time to time 
destroying nematodes in maize-meal-agar cultures of rather soft consistency, 
following the addition of leaf mold collected in deciduous woods near Belts- 
ville, Md., near Cumberland, Md., and in Arlington, Va. It appears to 
attack eelworms of the genus Bhabditis somewhat more often than repre- 
sentatives of other genera. The globulose degeneration of fleshy parts that 
accompanies infection badly obscures the invading mycelium for some time. 
When the globulose materials have mostly been expropriated the assimila- 
tive mycelium becomes visible as a branching system of hyphae partitioned 
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at rather close intervals into segments densely filled with coarsel}' granular 
protoplasm (Fig. 3, G). Usually, before this stage is reached, the mycelium 
has given rise, mostly laterally, to somewhat inflated parts; and each of 
these parts has put forth a narrow process, which, after erupting from the 
integument and perhaps widening perceptibly, has grown out as a conidi- 
ophorous hypha (Fig. 3, G, a~e). In instances w^here the host animal hap- 
pened to succumb on the surface of the culture, the eonidiophorous hyphae, 
often numbering more than a dozen, are extended as prostrate filaments. 
Conidiophorous hyphae from host animals that succumbed at a slight depth 
under the substratum frequently make their way to the surface and then 
elongate in creeping posture ; though where a parasitized eelworm siieeunibs 
at a greater depth, some or all of the filaments growing out of it may com- 
plete their development under the surface. 

Like the similar filaments of Harpospormm angutlhilae^ the conidioph- 
orous hyphae soon become divided by cross walls into segments of moderate 
lengths (Fig. 3, G, a). On each segment that participates in sporulation 
are borne usually 1 to 5 globose cells, somewhat larger than the eorrepond- 
ing structures of H. anguillulae. These cells are provided with 1, 2, or 3 
sterigmata, appreciably shorter than the single sterigma usual in H. an- 
giiilhdae. Even more distinctive of the fungus than its curiously consti- 
tuted conidiiferous branches are its conidia (Fig. 3, H, a-k), which are 
about twice as long as those of H. anguilhdae, and disposed typically in a 
wide 3-dimensional helix. In well-developed spores three-quarters of a 
helical turn is usually described, the direction of coiling being alwmys clock- 
wise. The helical conformation here is not wholly antithetical to the cres- 
centic conformation of the conidia produced by H. anguillulae^ for, if these 
crescentic conidia are carefully examined, a slight tendency tow^ard helicoid 
modification, likewise in the same direction as in hop stems, is often observ- 
able. When fully developed the spores of the fungus under consideration 
taper gradually toward both ends, which, in the main, are bluntly rather 
than acutely pointed, and reveal no local thickening of the enveloping wall. 
A droplet of mucus, secreted at the junction of sterigma and conidium, 
surrounds the basal end of the conidium after disarticulation. 

The general resemblance of the parasite to Harpospormm anguillulae 
warrants its description as a congeneric species, for which an epithet, mean- 
ing ‘tof spiral form,^’ may not be inappropriate. 

Harpospormm helicoides, sp. nov. 

Myceliuia nutrituia hyalinum, ramosxim, septatum, intra vermieulos nematoideos evo- 
lutum, in hypliis ffliformibus plernmque 2-4 jx erassis constans. Hyphae fertiles, animali 
emortno, mtra materiam ainbientem. vel super materiam subjacentem evolutae, simplices 
yel rariiis parum ramosae, medioeriter septatae, hyalinae, saepius 25 a-l mm. longae, 
1-0 ^ erassae, hie illie ramulos eonidiferos (phialas) globosos plerumque 3.5— 4.5 li erassos 
rerentes; quoque ramulo 1-3 sterignaatibus 1-1.5 jx longis, circa .7 jx erassis sursum 
piaodito; conidzis hyalinis, continnis, filiformibus, in tres partes spirae ad modum eaulis 
V t XwpwZt eonvolutis, utrinque attenuatis, basi et apice angustis sed tamen aliquid 
hebetibus, basi guttula muei vestitis, .7-1.5 p, erassis, in eursii curvato plerumque 20-45 u, 
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Vermieulos nematoideos diversos iiecans habitat in humo silvestri prope Beltsville, 
Maryland, prope Cumberland, Maryland, et in Arlington, Virginia. 

Assimilative mycelium hyaline, branched, septate, consisting of filamentous hyphae 
mostly 2 to 4 p; wide, growing within living nematodes, Conidiophorous hyphae after the 
death of the host animal formed in the surrounding material or on the underlying mate- 
rial, simple or more rarely slightly branched, hyaline, septate at moderate intervals, often 
25 to 1 mm. long, 1 to 3 p, wide, here and there bearing globose conidiiferous branches 
(phialides) mostly 3.5 to 4.5 p, in diameter, each of which is provided distally with 1 to 
3 sterigmata 1 to 1.5 p, long and about .7 p wide j the conidia colorless, continuous, fili- 
form, describing three quarters of a helical coil wound like stems of Eumulus Lupulus, 
measuring .7 to 1.5 p in greatest width, and 20 to 45 p in length along the curved axis, 
tapering toward both ends, narrow but yet somewhat blunt at base and apex, at the base 
surrounded with a droplet of mucus. 

Destroying various nematodes, including some species of Ehabditis, it occurs in leaf 
mold near Beltsville, Md., near Cumberland, Md., and in Arlington, Va. 

Another fungus closely resembling Harposporium anguillulae was ob- 
served in numerous maize-meal-agar cultures to which had been added small 
quantities of leaf mold collected in deciduous woods near Butternut, Wis., 
in September, 1938. In these cultures it subsisted mainly by the destruction 
of large eelworms, often about 1 mm. in length, belonging apparently to a 
species of Plecius; and occasionally attacked, besides, nematodes referable 
to species of Wilsonema and Bunonema, The fungus shows general agree- 
ment with H, helicoides both in the assimilative mycelium by means of which 
it appropriates the fleshy substance of the host animal, and in the conidi- 
ophorous hyphae it extends mostly on the surface of the surrounding or 
underlying material (Fig. 6, A). Agreement is evident also with respect 
to the size of the globose protuberances formed laterally on the conidioph- 
orous hyphae, but not with respect to the distribution of sterigmata, for the 
individual protuberance here, just as in H. anguillulae, usually puts forth 
only a single sterigma. The conidia, which are shorter than those of H, 
helicoides, reveal unusual distinctiveness in characteristic modifications at 
both ends (Pig. 6, B, a-z; C, a-j). At the proximal end a minute knob- 
like basal part, immersed in a droplet of mucus, tapers upward into a deli- 
cate flexuous connection, which then gradually widens out into the sub- 
cylindrical main portion of the spore. Distally, the subcylindrical portion 
shows increasing curvature and at the same time tapers perceptibly before 
it terminates abruptly in an acute, aduncate apiculum consisting appar- 
ently of solid wall material. 

The curious modification at the proximal end of the conidium seems to 
have no counterpart among other hyphomycetes known to parasitize nema- 
todes. It offers, however, a striking correspondence to the basal appendage 
present on the spore of the wholly unrelated Euryancale sacciospora. 
Though the correspondence does not extend to all details — ^the appendages 
of the zoopagaceous parasite are devoid of protoplasm internally and of 
mucus externally — it nevertheless is suggestive of similarity in function. 
Such similarity is all the more likely, since among the eelworms attacked by 
the hyphomycetous parasite is included the same species of Bimonema on 
which E, sacciospora subsists habitually. The rangy cephalic processes of 
this eelworm and the warty protuberances on its body might offer oppor- 
tunity for entanglement of delicate flexible processes, and thereby give scope 
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for possible operation of such processes in attaching eonidia to a prospec- 
tive host. 

Unlike the pendulous modification at the proximal end of the coiiidium, 
the cuspidate modification at the distal end is not without a counterpart 
among the small number of closely allied parasites. As is evident from 
Zopf^s figures of HdTpospofiuvii O/HQuilluldc the eonidia of that species are 
rather sharply pointed at the apex. In the very abundant material that, 
from agreement with Zopf’s description, I have held referable to H. an- 
guillulaethe eonidia likewise were consistently pointed, the apex often being 
represented by a minute cusp, much smaller and less narrowly acute than 
the apiculum in the fungus under consideration, though similar to that 
structure in being composed of solid wall material. According to an ac- 
count by Kostka (16) the pointed conidial apex in H, anguilhilae serves an 
important function by facilitating the operation of a special mechanism 
for affixing the spore to a prospective host. The mechanism was set forth as 
consisting of the globose cell together with the sterigma bearing the spore. 
When a nematode brushes against the conidium the sterigma allegedly is 
pushed out of its normal position, momentarily deforming the globose cell, 
which, being elastic, then reactively exerts an upward pressure on the spore 
with the result that the sharp apex is driven into the animal. The conidio- 
phore of S. anguillulaej'bYistling with many units of the formidable mech- 
anism, was vividly compared in its fearful operation with the sickle-bearing 
chariots of ancient times. Consonant with this imagery Kostka ’s figure of 
the conidiophore (16, Abb. 2, a), though obviously copied for the most part 
after one of Zopf’s illustrations (44, p. 303, Fig. 23, XI), shows much more 
narrowly pointed eonidia, as also shorter and more strongly tapering 
sterigmata than were described or pictured by Zopf either in his first account 
of H: anguillulae or in later passages relevant to the fungus. 

It is not certain whether Kostka 's novel account of infection was based 
on observation or on inference. In Harposporinm anguillulae and in E. 
helicoides, the connection between the mature conidium and its supporting 
sterigma appears so lacking in firmness that effective transmission of me- 
chanical energy from the globose element to the tip of the spore seems im- 
probable. In the fungus from Wisconsin such transmission would presum- 
ably be further impeded owing to the flexible character of the basal portion 
of the spore. Nevertheless the cuspidate conidial apiculum of this fungus 
does have the appearance of being designed for hooking the spore to or into 
a prospective host, — a purpose that, conceivably, might be accomplished 
through mere impact of the nematode moving in its ordinary locomotion. It 
is hoped that an epithet meaning ‘‘with a sharp hook’’ will prove conveni- 
ently suggestive of the outward conformation resulting in part from the 
presence of the acute apiculum. 

Harposporium oxycoracum, sp. nov. 

Mycelium nutritum incoloratum, ramosum, septatum, intra vermieulos nematoideos 
viventes evolutum, m liypMs filiformibus plerumque 2-4 p, erassis constans. Hypliae 
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fertiles post mortem animalis extra corpus ejus evolutae, vulgo repeiites, plerumque sim- 
plices, rarius parum ramosae, incoloratae, septatae, saepius 25 jx-l mm. longae, 1-3 jj, 
crassae, liie illic ramulos conidiferos (phialas) globosos 3.5-4.5 jj, crassos ferentes; quoque 
ramulo unieo sterigmate 1.2—2 jj, longo circa .8 ^ erasso praedito ; conidiis continuis, iii- 
coloratis, adimcis,^in totum 15-25 \i loiigis, .7-1.4 jn crassis, deorsum usque .3-.4 ^ attenu- 
atis; basi tubere .5-1 erasso in guttula muci circumdato praeditis, sursum minus attenu- 
atis, siibito in cuspidem^ solidam acrem saepius 2-2.5 ^ longam abeuntibus. 

Vermiculos nematoideos generum Plecti, Wilsonematis, Bunonematis neeans habitat 
in liumo silvestri prope Butternut, Wisconsin. 

Assimilative mycelium colorless, branched, septate, consisting of filamentous hyphae 
mostly 2 to 4ji wide, growing within living nematodes. Conidiophorous hyphae formed 
externally after death of host animal, commonly prostrate, mostly simple, occasionally 
slightly branched, colorless, septate, often 25 ^ to 1 mm. long, 1 to 3 ^ wide, here and 
there bearing subspherical conidiiferous branches 3.5 to 4.5 p, in diameter, provided indi- 
vidually with a single sterigma 1.2 to 2 p, long and about .8 p, wide; conidia continuous, 
colorless, curved distally into hook-like form, measuring 15 to 25 p, in total length and 
.7 to 1.4 jx in greatest width, tapering downward to a width of .3 to .4 ^ before expand- 
ing into a basal knob, .5 to 1 ^ wide, immersed in a droplet of mucus, tapering upward 
less markedly to terminate abruptly in a sharp solid cusp often 2 to 2.5 pi long. 

Destroying nematodes of the genera Plectus, Wilsonema, and Bunonema, it occurs 
in leaf mold near Butternut, Wis. 

The third fungus resembling Harposporium anguillulae in a general way, 
yet not producing crescentic conidia, was observed in several maize-meal- 
agar cultures to which had been added small quantities of partly decayed 
leaves and stems of Kentucky blue grass, Poa pratensis L., collected in 
Arlington, Va., late in March, 1938. In these cultures it subsisted on nema- 
todes, evidently to the exclusion of other nourishment. Most often it para- 
sitized specimens of Plectus parvus. Invasion of small eel worms was ac- 
complished often by the extension of a single assimilative filament from head 
to tail (Fig. 7, A, B), though several such filaments were usually operative 
in the destruction of larger animals (Fig. 7, C, D). Whatever their number 
the internal filaments alw^ays remained badly obscured until the globulose 
degenerating materials of the host had been largely appropriated by them. 
Before this stage was reached, coniodiophorous hyphae had been extended 
either into the agar medium or over its surface. These hyphae gave rise 
laterally to sessile subspherical protuberances closely resembling those of 
R. anguillulae, except possibly for a slightly greater tendency toward a pro- 
late shape (Fig. 7, B). As in H. anguillulae the protuberances here regu- 
larly burgeoned forth only a single sterigma. Generally about a dozen 
conidia were produced at the tip of each sterigma, where they remained 
cohering in a rather compact mass until they were bustled by active nema- 
todes, or otherwise subjected to physical disturbance. After their separa- 
tion they could be made out as rather small bodies of an elongate utriform 
shape modified at base and apex by the presence of minute spurs pointing 
in opposite directions approximately at right angles to the spore axis (Fig. 
7,B). 

The production of plural conidia one after another at the apex of an 
individual sterigma is not at variance with the manner of sporulation in 
Harposporium anguillulae. In Lohde’s brief original account of that 
species a sickle-shaped or crescentic spore was stated to grow out of the 
sterigma; no comment being made as to whether the process was subse- 
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qiiently repeated. Zopf (43) remarked that the sterigmata of H. anguil- 
lulae abstriet coiiidia at their tips, without specifying whether a single spore 
or several spores were produced at each tip. None of his figures show more 
than one conidiuni attached to a sterigma. Karling in his account of devel- 
opment in JT. angmlliilae stated that he had never seen a globular cell form 
more than one conidium. Yet, in agar cultures, some conidiophorous hyphae 
of M, angtiilhilae that, because of their origin from deeply submerged eel- 
worms are constrained to sporulate under the medium, show 3 or 4 or even 
5 conidia borne on the tip of each sterigma. As a rule the conidia produced 
in agar are more uniformly of small size than those produced in the air on 
sterigmata arising from globose protuberances borne on prostrate conidio- 
phorous hyphae; and very probably this predominantly small size tends 
toward increase in number of spores formed. Rather uniformly small 
conidia likewise have sometimes been found attached plurally to submerged 
sterigmata of H. Jielicoides and H. oxycoraciim. 

Since the fungus from grass detritus thus presents no serious morpho- 
logical disagreement with Harposporhmi angtvillulae it is described as a 
congeneric species under an epithet meaning ^ Ywo-pointed. ’ ’ 

Harposporium diceraeum, sp. nov. 

Mycelium niitritum incoloratum, ramosum, intra vermiculos nematoideos viventes 
evolutum, in liyphis filiformibus singulis vel compluribus 1.5-4 p, crassis constans. Hyphae 
fertiles post mortem animalis extra corpus ejus evolutae, ineoloratae, septatae, plerumque 
simplices rarius parum ramosae, saepius 25— 150 p, longae, 2— 3 p, erassae, hie illic ramulos 
eonidiferos ferentes; ramulis eonidiferis (phialis) globosis vel paulo elongatis, 3-4 p, 
crassis, in^ sterigma 1.5-3 p longum .7 p crassum abeuntibus, ex apice sterigmatis 10-15 
conidia deineeps in eapitulum gerentibus; conidiis hyalinis, eontinuis_, late siliquiformibiis, 
3.5y4 p, longis, 1-1.5 p crassis, utrimque rostratis ; rostris minutis, direetiangulis vel 
obliquis, binis inter se aversis. 

Pleetum parvum necans habitat in foliis caulibusque Poae pratensis putrescentibus 
in Arlington, Virginia. 

Assimilative mycelium colorless, branched, septate, consisting of one or several fila- 
mentous hyphae 1.5 to 4 p wide, growing within living nematodes. Conidiophorous hyphae 
formed externally after death of host animal, colorless, septate, mostly simple, occasion- 
ally somewhat branched, often 25 to 150 p long, 2 to 3 p wide, here and there bearing 
conidiiferous branches; these branches (phialides) subspherical or somewhat elongated, 
3 to 4 p in diameter, each provided distally with a sterigma 1.5 to 3 p long and about 
.7 p wide, at the tip of which 10 to 15 conidia are ab jointed successively to cohere in a 
head; conidia hyaline, continuous, broadly pod-shaped, 3.5 to 4 p long, 1 to 1.5 p wide, 
minutely beaked at both ends; the 2 minute beaks perpendicular or oblique to the spore 
axis, and pointing in opposite directions. 

Destroying Flectus parvus it occurs in decaying leaves and stems of Poa pratensis 
in Arlington, Va. 

None of the 3 new species of Harposporium have so far been seen to pro- 
duce spores other than the conidia attributed to them in the diagnoses. 
Nothing has come to light in material of any member of the genus that might 
be held to confirm the erroneous report of Sorokine (37) relative to pro- 
duction of minute zoospores in H. ang%dllulae {-Polyrhina multiformis 
Sor.)— a report amply refuted by Zopf, and subsequently further denied 
by Dangeard (6) and Karling. Although the chlamydospores that Zopf 
described for H. anguillulae are produced by that fungus no less consistently 
when it exterminates nematodes in agar cultures than when it destroys them 
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ill natural substrata, comparable reproductire bodies haYe not been observed 
in any material of the several congeneric forms. Survival tlirougii the re- 
sistant accessory spores probably accounts for the fact that, following addi- 
tion of partly decayed vegetable detritus to nematode-infested agar cultures, 
i?. anguillulae appears much more frequently than any of its congeners. 
In view of the presumptive advantage accruing from production of chlamy- 
dospores it is somewhat puzzling why this type of reproductive body is not 
more generally formed by the various hyphomycetes parasitic on nematodes. 
For that matter a like situation prevails in the series of hyphomycetes pre- 
daceous on nematodes, since of the 21 inucedinaceous forms known to cap- 
ture eelworms in agar cultures (8, 11) only 4 have been observed to produce 
chlamydospores. 

The similarity of the mucedinaceous parasite Earposporkim oxycoraciim 
to the zoopagaceous parasite Euryancale sacciospora^ when considered in 
conjunction with the analogous similarity of the mucedinaceous predator 
Dactylella lemUcodes Drechsl. (8) to the zoopagaceous predator Siylopage 
hadra Drechsl. (7), suggests that, despite pronounced dissimilarity in mor- 
phology of conidial apparatus, the Harpospormm may possibly repre- 
sent a group of parasitic forms closely related to the predaceous series of 
hyphomycetes. On the other hand, H. diceraeum^ with its rather plump 
capitate eonidia, offers features that might not unreasonably he held to con- 
nect the genus with the more commonplace nematode-destroying parasites 
that have been described herein as new species of Acrostalagmiis, Cephalo- 
spornm, and Spicariaj and that may well be truly akin to entomogenous 
forms compiled in these genera. Certainly the subspherical protuberanees 
of Earposporium, together with the single or plural sterigmata borne on 
them, must be held equivalent to the flask-shaped conidiiferous elements in 
Acrosialagmus and Cephalosporium, Such equivalence, indeed, would seem 
to have been presumed by Zopf when he designated the protuberances of 
H, anguillulae as basidia; for the term “basidium’’ was then not restricted, 
as it is now, to special structures in the Basidiomycetes, but w^as applied 
(1, p. 65 ; 44, p. 314) to outwardly modified lateral or terminal conidiiferous 
cells in fungi generally. In its more inclusive early meaning the term 
seems to have been broadly applicable to the variously differentiated conidi- 
iferous structures that now are often designated as phialides. 

Division op Fruit and Vegetable Crops and Diseases, 

Bureau OF Plant Industry, 

U- S. Horticultural. Station, 

Beltsville, Maryland. 
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VAEIATION IN CULTUEB OF SEVERAL ISOLATES OF 
ARMILLARIA MELLEA FROM WESTERN 
WHITE PINE" 

Vincent L. Bentons and John Ehelichs 
(Accepted for publication December 17, 1940) 

INTRODUCTION 

A survey of root diseases, conducted in northern Idaho on the Coeur 
d’Alene National Forest, showed that Armillaria mellea (Vahl et Fries) 
Fries is the most common local associate of root disease in western white 
pine, Pmics monticola Douglas (1). Tree-ring examination disclosed that 
certain of the trees probably had been infected for long periods prior to 
examination without serious reduction in increment. In other instances a 
greater amount of the root surface was infected with a consequently greater 
reduction in increment during the period of infection. It was impossible to 
determine from observation whether this variability was due to differences 
in susceptibility of the trees or in virulence of the fungus. 

Ill view of the findings of this survey, it is obvious that an evaluation of 
the part played by Armillaria mellea in the decadence of coniferous stands 
in northern Idaho is desirable from the standpoint of forest management. 
Such an evaluation may be gained only from intensive investigation, the 
primary purposes of which would be to determine the relative pathogenicity 
of locaP^ strains” of the fungus, the relative susceptibility of northern Idaho 
tree species of various ages and on various sites to fatal infection, and the 
possible effect of environmental factors on the virulence of the fungus. 

The present study is devoted to the investigation of physiological varia- 
tion in a number of isolates of Armillaria mellea cultured (most of them at 
the time of the survey) from infected roots of mature western white pines. 
Since the pathogenicity of all of these isolates has been demonstrated by 
their infection of living suscepts, and since the isolates were cultured from a 
single suscept species, it seemed probable that the degree of variation found 
in these isolates would not be so great as that in isolates of doubtful patho- 
genicity or in isolates cultured from a number of host species. Experiments 
were devised in which appearance in culture and rhizomorph development, 
rate of growth, degree of saprogenicity, and response of the tested isolates 
to differences in wood-moisture content, temperature, and pH were studied. 

EXPERIMENTAL WORK 

In the first experiment 27 isolates were grown in triplicate at room tem- 
perature on a malt-agar medium in Petri dishes. Rate of growth of the 

1 Condensed from a thesis submitted by the senior author to the University of Idaho 
Graduate School in partial fulfillment of the requirements for the M.S. degree. Merrill 
E. Deters and Earle 0. Blodgett were kind enough to criticize the manuscript. 

2 Eormerly graduate student in forest pathology, University of Idaho. 

3 Associate professor of forestry, University of Idaho. 
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isolates was determined by periodic diameter measurements of the mycelium 
in each culture. Approximate number and length of rhizomorphs produced 
by each culture were periodically recorded. The results show a wude varia- 
tion in mycelium, rhizomorph production, and rate of growth of the isolates. 
Certain of the isolates were characterized by a cottony, w-hite, profuse myce- 
lium with a considerable number of long rhizomorphs,* others developed a 
very thin mycelium with no rhizomorphs, and still others formed a reddish- 
brown sclerotial mycelial mat with a considerable number of short rhizo- 
morphs projecting into the agar from the lower side of the mat, as w^ell as 
long rhizomorphs ramifying through the agar (Pig. 1). The replications of 
a single isolate, however, were found to have similar cultural characteristics. 
The amount of mycelial growth made by the isolates over a 30-day period 



varied from 38.5 mm. to 54.0 mm., while the mean dijfferences in diameter 
between the 14th and 30th days ranged from 20.5 mm. to 32.0 mm. 

In the second experiment test blocks of western- white-pine sapwood 
adjusted to 100 per cent initial moisture content (oven-dry basis), were 
exposed for 8 months to quintuplieate subcultures of 12 different isolates 
growing on a malt-agar medium in Parafilm-sealed extraction flasks. These 
isolates exhibited a wide variance in degree of saprogenieity, as judged by 
weight changes of the test blocks, which ranged from a mean gain of .98 per 
cent to a mean loss of 5.48 per cent (based on initial oven-dry weight) 

In the third experiment 6 ‘^matched- (Fig. 2) test blocks of western- 
white-pine sapwood, adjusted to each of 5 different initial moisture contents, 
were exposed (3 in each of 2 jars at a single moisture content) for 5 months 
at room temperature to subcultures of each of 10 isolates growing on a malt- 
agar medium in screw-capped jars. Percentage loss in weight of the wood 
blocks (inffial oven-dry basis) was used as a measure of the degree of 
saprogenieity of the tested isolates. The results of this experiment (Fig. 3) 


Fig. 1. Plate cultures of 4 isolates, showing differences in appearance of mycelium 
and rhizomorph production (left, upper surface; right, under surface). 
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indicate that a fairly wide difference in degree of saprogenicity exists 
between the most vigorous and least vigorous isolates (7.3 per cent loss in 
weight for isolate IX and 1.8 per cent loss in weight for isolate V) . Average 




losses in weight range from .02 per cent for blocks at 50 per cent initial 
moisture content (isolate X) to 9.8 per cent for blocks at 100 per cent initial 
moisture content (isolate IX). Variance of isolates of Armillaria mellea 
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cultured from roots of diseased western white pines is further illustrated by 
the differences in degree of saprogenicity of the isolates in this expeiiment. 

Because of changes in moisture content of the blocks during the test 
period, it was not possible to determine within narrow Hmits the optimum 
moisture content for saprogenic activity of the tested isolates in westein- 



{ PER CENT INITIAL OVEN-DRY WEIGHT) 

Fig. 3. Average losses in weight for all isolates at each initial moisture content and 
for each isolate at all initial moisture contents. 

white-pine sapwood. Figure 3, however, shows that the amount of decay 
effected by the isolates increased up to 150 per cent wood-moisture content. 
The maximum moisture content attainable in blocks of the specific gravity 
of western white pine, i.e., .36 to .38 (2, p. 53), is approximately 200 per cent 
and the maximum air space attainable in wood of this specific gravity at 
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150 per cent moisture content is approximately 20 per cent (3, Pig-nres 7 
and 8). In the light of previous work (5) in which 200 per cent wood- 
moisture content was found to be inhibitory for the growth of many wood- 
decaying fungi, and (6) in which air space equivalent to 20 per cent of the 
volume of the test block was found to be necessary for growth of wood-decay- 
ing fungi, it seems unlikely that optimum wood-moisture content for the 
growth of Arm'illana mellea in western- white-pine sapwood is far in excess 
of 150 per cent. The test blocks were not reweighed after sterilization, but 
it is probable that their initial moisture content was somewhat less than 150 
per cent. 

It is noteworthy that all isolates in this saprogenieity experiment dis- 
played some rhizomorph development after the wood blocks were introduced 
into the jars, despite the fact that some of these isolates had not produced 
any rhizoniorphs when grown in plate culture, and also that the greatest 
degree of saprogenieity was evident in those isolates having greatest rhizo- 
morph development in plate culture. This is noteworthy, since successful 
inoculation of living suscepts is eifeeted apparently only by rhizoniorphs of 
the fungus. 

The temperature relations of these isolates were studied in the fourth 
experiment. Ten isolates (same as used in the third experiment) were 
grown in triplicate, Parafllm-sealed Petri-dish subcultures on a malt-agar 
medium for thirty days at temperatures of 21, 25, 29, and 33 degrees C. 
Diameter measurements of the mycelial mats taken eveiy 2 days, beginning 
on the ninth day after planting, served as criteria of the influence of tem- 
perature. The average diameter growth of all isolates between the initial 
and final measurements (9th and 30th days) was greatest (31.9 and 30.9 mm.) 
at 21 and 25 degrees, least (2.2 mm.) at 33 degrees. Average differences 
between individual isolates varied from 36.9 mm. (Isolate IV at 21°) to 0 
(Isolates VII, VIII, and X at 33°) (Fig. 4). The results indicate that tests 
conducted at or near the optimum will produce only a slight variation in the 
growth of the tested isolates. Variation in growth was shown to be greater 
at the less favorable higher temperature of 29° than at the optima or at the 
still less favorable higher temperature of 33°. In other words, slightly 
supraoptimal temperatures bring out differences in thermal response between 
isolates more effectively either than optimal temperatures, or than nearly 
inhibitory temperatures that retard growth to a level so low that response 
of all isolates is sharply limited. It is noteworthy that Isolate II made little 
growth at 25 degrees, as compared with other isolates, whereas it made the 
greatest growth of all the isolates at the less favorable temperatures of 29° 
and 33°. Also, Isolate IV which made the greatest growth of all isolates at 
21° grew next to least at 33°. 

Most favorable temperatures for growth of all isolates were 21 and 25°. 
Ehizomorph production, although not periodically recorded, was greater at 
21° than at all other temperatures. Although in the absence of tests at 
lower temperatures, it is possible that the optimum may be below 21°, the in- 
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vestigations of Wolpert (7) and Eeitsma (4) show that 15, and 15-19 degrees, 
respectively, were less suitable for growth of the fungus than 25°. It may, 
therefore, be concluded that the optimum temperature for the growth of 
Armillaria mellea in plate culture lies between 19° and 25° and probably is 
between 21° and 25°. 



TEMPER/s^uni: UkoRECs Centigrade;) 

Pig. 4. Growth of 10 isolates of Armillaria mellea at different temperatures. 

In the fifth experiment these ten isolates were grown at 25° C. in tripli- 
cate, I arafilm -sealed, Petri-dish cultures on a malt-agar medium adjusted 
electrometrieally to 7 initial pH values (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0). 
Growth of the cultures was determined by diameter measuremmts of the 
mycelium taken every 2 days beginning on the 9th day after planting and 



1941] Benton and Ehelich: Variation in Armillaria met.t.ba 809 

ending on the 30th day after planting. The effect exerted by a slight dif- 
ference in initial pH of the medium on the growth of the tested isolates is 
indicated by the marked differences in growth of isolates grown on media 
that varied by only .5 pH (4.0-4.5) (Fig. 5). In this experiment an 
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Pig. 5. Growth of 10 isolates of Armillaria mellea at different initial pH values. 

approacli to the lower pH limits resulted in reducing the range of differences 
between isolates, whereas, in the preceding experiment, a temperature some- 
what above optimum resulted in an increase of the growth range. In these 
pH tests greatest range in growth occurred at the optimum initial pH, 4.5. 
Thus, at an initial pH of 4.5 the cultures of Isolate YII had an average 
measurement of 72.5 mm. on the 30th day, while, at the other extreme, Isolate 
IV had an average measurement at the same pH of only 46.5 mm. 

Within the range of pH values and at the temperature (25^ C.) of this 
experiment, it is evident that there are 2 optima for growth of the isolates, 
ie., pH 4.5 and pH 5.5. Existence of 2 optimal pH values for growth of 
this fungus also has been demonstrated by Wolpert (7) and Reitsma (4). 
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These results may be due to possible stimulation of growth at two points by 
the reagents used to adjust pH or to possible heterothallism of these mass 
isolates. Since the isolates grew vigorously at the highest pH vahies of this 
experiment, it was not possible to ascertain the supraoptimal inhibiting pH 
value. Wolpert, however, found that the upper pH limit for growth of the 
fungus at 25° is pH 6.9 in Richards’ solution, and pH 7.8 in bacto-peptone 
solution. 

A pH of 5.0 proved to be the most favorable for development of rliizo- 
morphs by those isolates which normally exhibit rhizomorphic growth in 
plate culture. A pH of 3.0 was least favorable for the development of 
rhizomorphs. 

DISCUSSION AND CONCLUSIONS 

The results of the foregoing experiments demonstrate that the tested 
isolates vary in appearance in culture and rhizomorph production (Fig. 1), 
rate of growth, degree of saprogenicity (Fig. 3), and response to differences 
in wood-moisture content (Fig. 3), temperature (Fig. 4), and pH (Fig. 5). 
Repeated subculturing of these isolates showed them to be consistent in 
appearance of culture and production of rhizomorphs. Greatest degree of 
saprogenicity was evident in those isolates having the greatest rhizomorph 
development in plate culture. The similarity of response characteristic of 
certain isolates is illustrated by Isolates I and IX, which showed a close 
relationship in their response to different temperatures, and also displayed 
a close relationship in their degree of saprogenicity. In the saprogenicity 
tests these isolates made the greatest growth of all at the least favorable 
wood-moisture content (50 per cent) and grew best at the nearly inhibitory, 
suboptimal pH of 3.5, as well as ranking third in growth at the least favor- 
able temperature (33°). Another example is Isolate V, which showed least 
saprogenicity of the isolates tested in the second and third experiments, and 
also made the smallest average growth of all isolates in the fourth experi- 
ment. A comparison of the results shown in figures 4 and 5 discloses that 
Isolates II and III, which made the greatest growth of all isolates at the 
nearly inhibitory temperature of 33°, also made the greatest growth at the 
less favorable pH 6.0. It is noteworthy that Isolate VII, which grew best 
of all isolates at optimum temperature (36.0 mm. at 25°) and at optimum 
pH (72.D mm. at pH 4.5) grew not at all at the unfavorable temperature 
of 33° and next to least at the nearly inhibitory pH of 3.5, while Isolate II, 
which grew next least at the optimum temperature made the greatest growth 
of all isolates at 33° and ranked fourth in the amount of growth at pH 4.5. 
It may be concluded from these results (a) that isolates that are most vigor- 
ous under optimal conditions of temperature and pH may be expected to 
show slight vigor at the limits of these growth factors, and (b) that isolates 
showing little vigor at optimal temperature and pH may prove relatively 
more vigorous than any other isolates under unfavorable conditions of tem- 
perature and pH. 



1941] Benton and Ehrlich: Variation in Armillaria mellea 811 

Since these tests were not repeated with the same isolates, they provide 
no absolute assurance of the constancy of these characteristics of the tested 
isolates. The fact, however, that replicate cultures of each isolate were used 
in all of these tests affords some evidence of the constancy of these charac- 
teristics. 

Determination of these optimal values will facilitate production of inocu- 
lum for pathogenicity experiments. 

SUMMARY 

A number of western-white-pine isolates of Armillaria mellea have been 
studied for the purpose of determining the extent of physiological variation 
in culture. Five experiments were performed in which appearance in cul- 
ture and rhizomorph production, diameter of mycelial growth, degree of 
saprogenicity, and response of the tested isolates to differences in wood- 
moisture content, temperature, and pH were determined. The results of 
these experiments demonstrate wide variations in cultural characteristics 
and response among certain of the tested isolates. The following optimal 
values were determined: approximately 150 per cent or slightly higher 
initial wood-moisture content (initial oven-dry basis), 21 to 25 degrees 0. 
for growth on malt agar at pH 5.0, and pH 4.5 and 5.5 for growth on malt 
agar at 25°. 

School op Forestry, 

University op Idapio, 

Moscow, Idaho. 
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SOME EELATIONS BETWEEN MBECURIC CHLORIDE CONTENT, 
ACID CONTENT, AND FUNGICIDAL EFFICIENCY OF 
CERTAIN SOLUTIONS AS USED FOE POTATO- 
TUBER DISINFECTION 


Bernie B. Plummer, Jr., and Beiner Bonde^- 
( Accepted for publication January 9, 1941) 

INTRODUCa?ION 

The control of rhizoctonia {Corticmm mgim Berk, and Curt.) is one of 
the most important problems confronting the potato farmer. From 1925 
to 1934, inclusive, rhizoctonia caused an estimated annual average loss of 
2.6 per cent of the total potato crop of the United States (7, p. 8). The 
annual loss from rhizoctonia for this period in Maine was approximately 
3.5 per cent, or 1,500,000 bu. In the same state, loss from this disease varies 
from a negligible amount to very destructive, according to the season. In 
some seasons 25 to 70 per cent of the plants in many fields are girdled by 
the fungus, resulting in unevenness of stand and reduction in acre yield. 
Furthermore, the buyers of seed potatoes are becoming more critical and 
are demanding seed stocks that are relatively free from the black scurf 
phase of rhizoctonia infection. 

The disinfection of seed potatoes may reduce the damage by rhizoctonia. 
The process may also reduce seed-piece decay. Both results can increase 
the yield rate (6). 

The standard long-time ''soak” method (90 minutes in 1-1000 mercuric 
chloride solution, made up as 4 ounces to every 30 gallons of water) has 
been one of the most effective treatments applied in certain experiments 
(5 and 6). This treatment, however, has the disadvantage that it seems too 
time-consuming and tedious to many farmers. Further, when the solution 
is used it suffers a reduction in its HgCU content (1, 4, 8, 9). There is no 
quick, satisfactory test for the farmer to determine the exact strength of 
the weakened solution. This lack makes it impossible for him to know ex- 
actly how much HgCh to add to restore the solution to its original strength. 
It is now^ generally recommended that the solution be replenished by the 
addition of from -J— 1 oz. of HgCh for each 4 or 5 bu. of potatoes treated, 
and that the solution be discarded after 4 or 5 lots of seed potatoes have 
been treated. To discard the entire solution after each treatment, in favor 
of a new one of full strength, is too expensive. Because of these difficulties, 
many farmers either fail to disinfect their seed potatoes or resort to easier 
and less effective methods. There is need of a seed-disinfecting method that 
is simple in application, noninjurious to the tubers, and effective in con- 
trolling disease. 

Cunningham, in 1925 (2), found that the addition of a small amount 

1 Associate Chemist and Associate Plant Pathologist, respectively, in the Maine 
Agneultural Experiment Station. 
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of hydrocHoric acid to tlie HgCla solution greatly increased the effectiveness 
of the fungicide. Leach et al.y in 1929 (3), further tested the effectiveness 
of such an acidulated solution. They found that a 1-500 HgCL solution 
(0.2 per cent), containing 1 per cent hy volume of commercial HCl of about 
31 per cent strength and employed as a 5-ininute cold soak, gave virtually 
as good results as the 1-1000 HgCL 2-hour-soak method. They showed 
further that the loss of HgCL upon successive treatments was retarded by 
the addition of HCl to the solution. 

The experiments here reported were conducted to test further the merits 
of the acidulated-mercury method, and to improve it if possible. 

GENERAL EXPERIMENTAL PROCEDURE 

The first step in our experiments was to test, under laboratory condi- 
tions, the effect of the potato treatment on the HgCL concentration of the 
treating solution comparing nonacidulated with acidulated solutions, 90- 
minute with 10-minute treatments, and distilled water with hard water as 
the solvent. Tests also were made for the loss of the acid used. This was 
followed by field tests in which the control of rhizoctonia by acidulated 
solutions was compared with control by nonacidulated. Here, also, samples 
were taken for laboratory analysis to determine the loss of HgCL and acid, 
and here two kinds of acid were compared. 

LABORATORY EXPERIMENTS 

Each laboratory test was begun with 11 1. (2.906 U. S. gal.) of solution, 
which was used for 23 successive treatments applied, respectively, to 23 
different lots of field-run unwashed Green Mountain potatoes, 7 lb. (3.175 
kg.) per lot. A 250-ec. sample of the solution was taken for analysis at the 
beginning and after each treatment. When HCl was used, it was at the 
rate of 0.555 per cent by volume of the commercial form of about 31 per 
cent strength, equivalent to 0.2 per cent by weight. The hard water 
(pH 7.5), compared with distilled water as a solvent, was from Aroostook 
Farm in northeastern Maine, and contained calcium, magnesium, and sul- 
phates according to qualitative tests. No chemicals were added to the 
solution following any treatment. The results of chemical analysis for 
HgCL and HCl in relation to the various conditions of the tests are given 
in table 1. 

The results in table 1 indicate that in nonacidulated solutions the HgCL 
was depleted approximately 60 per cent by 90-minute treatments and about 
27 per cent by 10-minute. Apparently, time length of treatment affected 
loss of strength, though not proportionately. In comparable acidulated 
solutions the HgCl 2 was depleted much more slowly than in the nonacidu- 
lated, to the extent of about 10 per cent by 90-minute treatments and about 
9 per cent by 10-minute. The acid was depleted more rapidly than the salt. 
The longer treatments induced a somewhat greater loss of acid. 

Incidentally it was observed that the nonacidulated solution became 
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TABLE 1. — Concentration of mercuric chloride and liy dr oclilorie acid, in solutions 
used for treating potatoes, in relation to the length of time of each treatment, the nimiher 
of samples treated, and the pH of the water used in the preparation of the solut Urns 


Acidulated 


Numerical 
order of 

Nonaeidulated 

Distilled water 

treatment 

90 mill. 

10 min. 


Per cent 
HgCL 

Per cent 
HgQA 

0 

.100 

.101 

1 

.096 

.099 

2 

.096 

.099 

3 

.095 

.098 

4 

.093 

.097 

5 

.091 

.096 

6 

.089 

.096 

7 

.086 

.094 

8 

.084 

.094 

9 

.082 

.092 

10 

.079 

.091 

11 

.076 

.089 

12 

.072 

.088 

13 

.068 

.087 

14 

.067 

.087 

15 

.065 

.085 

16 

.061 

.084 

17 

.058 

.082 

18 

.055 

.081 

19 

.053 

.079 

20 

.050 

.079 

21 

.047 

.077 

22 

.044 

.076 

23 

.040 

.074 

Total lossa 

60.0 

26.7 


Distilled water 


Water with pH 
of 7.5 


« As relative percentage lost through all 23 treatments. 

exceedingly turbid and cleared very slowly, while the soil and other insolu- 
ble foreign materials from the tubers settled rapidly in the acidulated 
solution. 

The depletion of acid and chloride, in treatments for the same length 
ot time, was about the same in the solution made up with the hard water 
as 111 that with distilled water. 

FIELD TESTS 

In the field tests the solution was filled each time with Irish Cobbler 
tubers that were well coated by rhizoetonia selerotia. The percentage of 
plants free of rhizoctonia lesions usually was ascertained from the examina- 
tion of 100 7-ineh plants for each treatment. In 1937, however, the test of 
^ acidulated solution consisted of determining the viability 
of 20 selerotia from each treated lot of tubers on potato-dextrose agar. The 
results of cheni cal analysis for HgCh, HCl, and acetic acid in relation to 
the various conditions of the test and in relation to the effectiveness of the 
solution against rhizoctonia infection of stems are given in table 2 
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From the results in table 2 it is apparent that, as in the laboratory tests, 
the HgCh was depleted more rapidly in the nonacidiilated solution than in 
the acidulated solutions. In the nonacidulated solution the HgCls was 
depleted more rapidly than in the corresponding laboratory test, probably 
because of the use of more tubers (bearing more soil) in proportion to the 
solution in each treatment. In the nonacidulated solution the effectiveness 
against rhizoctonia infection of stems decreased with the decrease in mer- 
cury concentration, especially after treatment of the fifth lot, until only 31 
per cent of the plants were free of lesions. In the acidulated solutions the 
effectiveness, while not up to that shown by the iionacidulated soliitioii in 
the first treatment, remained high throughout the series of 25 treatments. 
This was true whether aeidulation was secured with hydrochiorie or acetic 
acid. The acetic acid was depleted much less than the hydrochloric. The 
test of the sclerotia on agar indicated a much greater effectiveness than was 
found in the stem-lesion test. This discrepancy had been noted in previous 
tests. Further, it was easier, more practical, and more reliable statistically 
to judge by stem lesions than by cultured sclerotia. 

The average percentage of lesion-free plants for the 25 treatments with 
a solution acidulated with IICl was 74.2 in 1938 and 88.4 in 1939. The 
difference was attributable to the greater concentration of HgCl 2 in 1939, 
although the HCl concentration also was higher. The average percentage 
of lesion-free plants for the 25 treatments with solution acidulated with 
acetic acid wms 88.7, although the HgCb concentration was less than in the 
solution acidulated with HCl the same year and gave slightly less control. 

As in the laboratory tests, turbidity was essentially eliminated by 
aeidulation. 

DISCUSSION 

The experiments reported in this paper confirm the conclusions of other 
investigators that the amount of HgCb in a solution is rapidly weakened 
by successive 90-minute treatments of potato tubers, unless the solution be 
acidulated. As a result of aeidulation, the solution is effective for rhizoe- 
tonia control for 25 successive treatments instead of for only 5 or 6. 

The data secured by the writers show also that the length of treating 
period may influence appreciably the rate of loss of HgCls in the nonaeidu- 
lated but not in the acidulated solution, when unwashed potatoes are 
treated. The length of time of treatment with acidulated solutions may 
be increased from 5-minute to 10-minute or even 90-minute periods with 
little reduction in the mercurial content and efficiency of the solution. This 
may be important in view of the fact that the 5-minute treatment with the 
acidulated solution has sometimes been somewhat less efficient in eontrolling 
rhizoctonia than has the 90-minute, nonacid treatment. 

^ The good results secured by the use of acetic acid instead of HCl for 
acidulating the treating solution is important because the acetic acid is less 

injurious than HCl to human skin and clothing. 
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The fact that the acidulated HgCl 2 solution clears up after successive 
treatments is, in practice, considered in its favor. 

Maine potato growers frequently have found both the nonacidulated and 
HChacidiilated solutions injurious to tubers. The writers, however, have 
experienced no such injury provided the tubers be dried soon after treat- 
ment. Possibly the acetic acid solutions would be less injurious in practice. 

SUMMARY 

Khizoctonia causes serious potato-crop losses. These losses can be re- 
duced by seed disinfection. More farmers would disinfect their seed pota- 
toes were as effective a solution available as is the standard cold 1-1000 
HgCl 2 , but requiring less time for each immersion of the tubers and retain- 
ing its effectiveness longer. 

In laboratory experiments, the rapid lowering of HgCls concentration 
through successive treatments of unwashed potato tubers was much retarded 
by shortening the duration of each treatment and by acidulating the solu- 
tion with HCl, but not by shortening the duration of each treatment in the 
acidulated solution. The reduction of HgCls concentration in the acidu- 
lated solution was not affected by the use of hard rather than distilled water 
as a solvent. Acidulation reduced considerably the turbidity of the treat- 
ing solution. The acid was depleted more rapidly than the salt in the same 
solution. 

Similarly, in field tests, there was a rapid lowering of HgCU concen- 
tration and of effectiveness of rhizoctonia control; such changes were re- 
tarded by acidulation with HCl or acetic acid. The acetic acid was depleted 
much more slowly than the hydrochloric. Again, acidulation reduced 
turbidity. 

The results indicate that HgCl 2 solutions intended for disinfecting seed 
potatoes should be acidulated, preferably with acetic acid. 
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SOIL TEEATMENTS WITH VOLATILE LIQUIDS FOE CONTEOL 

OP NEMATODES 


B. G. Chit "vv GOBI 
(Accepted for publication January 10, 1941) 

INTRODUCTION 

Chloropierin is now in widespread use for sterilization of gTeenlionse 
soils. In 1938 work was begun on the testing of varied doses and spaeings 
of ehloropierin, as well as many other volatile liquids, against nematodes, 
or eelworms, in soil. Several chemicals showing the most promise were 
recorded in 1938^ and 1939.^ These included chloropierin, hutyraldehyde, 
crotonaldehyde, mesityl oxide, carbon disulphide, ethylene chloride, carbon 
tetrachloride, methyl n. amyl ketone, and mixtures of chloropierin and 
ethylene chloride, or carbon tetrachloride. Eesults attained in 1939 elimi- 
nated hutyraldehyde from further consideration. 

In this article the results of tests conducted in 1939 and 1940 are re- 
ported. The experiments were designed primarily to determine the value 
of such substances in the treatment of soil, before planting, for the control 
of the nematodes Ditylenckus dipsaci (Kiihn) Filipjev smdi Heteroder a 
mariom (Cornu) Goodey. Unless otherwise specified, all injections of the 
chemicals were made with holes 10.5 in. and rows 9 in. apart^ to a depth 
of 6 to 8 in. in well cultivated soil of a moisture content of 30 to 40 per cent 
of saturation. Such soil is easily molded in the hand but is not wet. After 
injection the soil surface was thoroughly moistened 2 or 3 times to a depth 
of 1 to 2 inches. These are considered the standard and most effective pro- 
cedures. Using wet burlap sacking as a cover after moistening is a more 
recent improvement, used in a test on soil planted to tomatoes. 

EXPERIMENTS ON THE CONTROL OF DAFFODIL EELWORM 

One experiment was conducted outdoors on sandy loam infested with 
the daffodil strain of the nematode, Ditylenchiis dipsaci^ using four plots of 
100 bulbs for each of the 8 treatments including controls (soil injected to a 
depth of 6 in.). The randomized-block method was used. Prior to plant- 
ing, the bulbs were treated for 4 hr. in 0.5 per cent Formalin at llO*" F. 
This bulb treatment is known to be highly efficient for the control of D. 
dipsaci 

The mean percentage of diseased bulbs in the controls was 35.075. Con- 
sidering this as 0 per cent effective, the mean percentage efficacy of any 
treatment was obtained by dividing the difference between the percentage 

1 The writer is indebted to Mr. L. B. Eeed of the U. S. Bureau of EntomolofiT and 

Plant Quarantine for aid in the statistical analysis. 

2 J. Parasit. 24: 34. 1938. 

2 Third Internat. Congress for Microbiology (Sept. 2-9) : 167-170 1939 

4 Taylor, Proc. Helm. Soc. Wash. 6: 62-66. 1939, 

Chitwood, Proc. Helm. Soc. Wash. 6: 66-73. 1939. 
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diseased in the control and the percentage diseased in the treatment by 

35.075 and multiplying the result by 100. 

Thus, a mean of 8.35 per cent for a treatment gives a difference of 

35.075 - 8.35 = 26.725 per cent. Therefore, the percentage efficacy is 26.725 -p 

35.075 = .76 or 76 per cent. This constitutes the percentage reduction in 
diseases. 

Upon the basis of these results (Table 1), methyl n. amyl ketone may be 
eliminated. All other chemicals and dose rates were obviously beneficial. 
However, only those treatments containing ethylene chloride gave an effi- 
cacy either predictably or actually better than 90 per cent, and these are the 
only treatments considered recommendable on the basis of the experiment. 
Ethylene chloride in 10 cc. doses (15.3 ee. per sq. ft.) seems as good as or 
superior to all other treatments. This dose rate of ethylene chloride is the 
least expensive, costing only about $110 per acre, while chloropicrin, at 1 ec. 
per injection, costs about $195 per acre and is less effective for this particular 
nematode. 

In another experiment (B), on Ditylenchus dipsaci-infested soil (in- 
jected to a depth of 6 in.), 6 randomized plots of each of 5 treatments were 
planted with 100 treated bulbs (4 hr. in 0.5 per cent Formalin at 110° F.) 
as previously described (Table 2). According to these results only the 


TABLE 2. — Ditylenchus dipsaci in narcissus planted in chemically treated soil. 
Experiment 


Beagent 

Cubic centi- 
meters per 
injection 

Percentage diseased bulbs 

Mean 

Percentage 

5 efficacy 

Control 

0 

19, 100, 70, 49, 3, 17 

43.00 

0 

Chloropicrin-etliylene 
cMoride 1 : 4 

5 

15, 2, 5, 4, 2, 0 

4.676 

89 

Mesityl oxide 

10 

100, 23, 69, 7, 32, 28 

43.17 

0 

Crotonaldeliyde 

10 

70, 56, 45, 100, 37, 52 

60.00 

-40 

Carbon disulphide ... 

10 

94, 57, 44, 35, 14, 76 

53.33 

-24 


a The injections of chloropicnn-ethylene chloride were in rows 9 in. apart, holes 10.5 
in. apart, while injections of the remaining treatments were in rows 6 in. and holes 7 in. 
apart. 

^ Significantly different from control with odds of 19 : 1. Minimum mean difference 
for significance with odds of 19 : 1, 33.35. 

ehloropieriix-ethylene chloride mixture (1:4) shows any promise. The per- 
centage efficacy is lower than that of the various ethylene chloride mixtures 
or ethylene chloride alone in the previous experiment. Since less than half 
the quantity of ethylene chloride was used, this result might be expected. 
The efficacy of chloropierin-ethylene chloride (1:4) is better than that of 
chloropicrin in 2 cc. doses in the previous experiment. 

In both of these experiments with daffodil bulbs, flower and bulb weight 
records were kept but no differences were noted with the use of any chemical 
or combination of chemicals that could not be accounted for on the basis of 
reduction in percentage of diseased bulbs, except in 3 plots. In these 3 there 
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was injury because cMoropicrin 
stimulation was detected. 


was in the soil at planting time. No plant 


EXPERIMENTS ON THE CONTROL OF ROOT KNOT NEMATODE 

In still another experiment a greenhouse bed containing soil infested 
with the root-knot nematode, Heterodera marioni, and fungi, was divided 
into 12 plots and treated with chloropicrin and mixtures of ehloropicrin and 
ethylene chloride. This bed had previously been planted to gerberas. The 
injections were made to a depth of 8 in. in rows 9 in. apart, holes 10.5 in. 
apart. Giowth differences obtained are given in table 5. There were 2 plots 
for each soil treatment. In 9 of the plots 2 varieties and in 3 only 1 variety 
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of gerberas were planted. Because of this fact no statistical analysis of tlie 
data has been made. 


TABLE 3 . — Growth of gerheras in chemically treated soil 


' Chemical 

ec per 
injection 

Mean height of flo wer stem 

1 in inches 

! ■ , 

Var.A 

Var. B 

Chloropierin 

0.5a 

16.5 

24.8 

Chloropierin 

2.0 i 

17.2 

24.7 

Chloropicrin-ethylene chloride 1.5 : 8.5 ’ 

10.0 

5.0 

18.5 ; 

15.8 i 

27.6 

23.4 

Chloropicrin-ethylene chloride 1 : 4 

5.0 

16.2 i 

23.9 

Control 

0.0 

15.3 

21.5 


a Injector not working properly^ dose rate probably higher. 


From these results it would appear that mixture of chloropierin and 
ethylene chloride 1.5 : 8.5 in 10-ce. doses is the best. However, there is no 
proof that the benefit was not solely attributable to the ethylene chloride. 
Examination of the roots was made after a full year ^s growth. Since all of 
the gerbera plants were infected before planting, they were infected also 
at harvest. Gall counts were made on the roots, but they meant nothing, 
since the more vigorous plants had many times more secondary roots, 
which were gall-gearing, than did the poorer plants. However, the in- 
crease in secondary root growth was in complete accordance with the better 
flowering records. The plots treated with 10 ec. of chloropicrin-ethylene 
chloride 1.5: 8.5 were definitely superior (Pig. 1). The differences in root 
growth are probably due to reduction in varied plant diseases including 
both the root-knot nematode and fungi. This treatment is expensive, cost- 
ing about $386 per acre, and it is not certain that the results could not be 
obtained at less cost. In this particular ease, however, and possibly with 
other greenhouse crops, the increased crop value probably justifies the 
expense. 

Finally, a report is made of an experiment on outdooi* sandy loam, in- 
fested with the root-knot nematode. In this experiment 2 plots of each of 6 
treatments, arranged in randomized blocks, were injected with chloropierin, 
ethylene chloride, and mixtures of the two to a depth of 6 inches. Wet 
burlap bags were immediately applied thereafter to cover the soil. Each 
plot was finally planted with 14 seedling tomatoes, 2 inches tall, previously 
grown^ in clean sand. The mean stands of plants at the age of 6 weeks 
following the various treatments are given in table 4. 

From the data on height of plants, it will be seen that the chloropicrin- 
ethylene chloride 1.5 : 8.5 treatment worked best, and that the plain ethylene 
chloride treatment is more effective than the plain chloropierin treatments 
and also less expensive. 

The experiment was terminated because of a frost on October 3, after a 
growing period of 3 months. Few of the tomatoes had ripened, and the 
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yields are probably considerably less than they would have been after a 
nornial season’s growth. The weight of all fruit was recorded on a plot 
basis. The mean crop weight per plant is given in table 4. These data 
indicate that the chloropicrin-ethylene chloride 1.5: 8.5 mixture is the best, 
and that all of the other treatments, except ethylene chloride, were signifi- 
cantly better than the control. 

Examination also was made of the roots of each plant. It is difiacult to 
give quantitative data as to infection with Heterodera marioni. All control 
plants were infected. In order to give some index of the degree of infection, 
even though the index be based on opinion, the following grade scale was set 
up: very severely diseased 5; severely diseased 4; moderately diseased 3; 
lightly infected 2; clean 0. The ''root knot index” in table 4 is the total 
score of the plants divided by the number of plants. From this it will be 
seen that only one treatment, chloropicrin-ethylene chloride 1 : 9 gave per- 
fect results. However, both chloropicrin-ethylene chloride 1.5 : 8.5 and 
ethylene chloride alone gave nearly complete control ; only one plant bearing 
a light infection was found in each case. The differences are probably 
due to chance. The surprising lack of control with chloropicrin alone is 
difficult to explain. Only 9 plants in the 1 ec. chloropicrin plots and 6 in 
the 1.5 ec. chloropicrin plots escaped infection. The results are not in 
accordance with the yield records but are in reasonable accordance with 


TABLE 4 . — The survival, growth, and yield of tomato plants grown in chemically 
treated soil previously infected with Eeterodera mario7m 


Soil treatment 

Dosage 
in cc. per 
injection 

Number 
of plants 
surviving 

Mean height, 
in inches, 
of living 
plants at 

6 weeks 

Yield in 
lbs. per 
plant 

Boot 

knot 

index 

Cost 

per 

acre 

Control 

None 

21 

6,30 

.40 

3.83 

None 

Chloropicrin-ethylene 
chloride 1.5: 8.5 

10 

28 

9.78c 

1.06c 

0.07® 

$386 

Chloropicrin-ethylene 
chloride 1: 9 

10 

27 . 

9.37b 

1.00b 

O.OOd 

$294 

Ethylene chloride 

10 

25 

9.39b 

.70 

O.OS^ 

$110 

Chloropicrin 

1.5 

25 

8.91b 

.95b 

3.10 

$293 

Chloropicrin 

1.0 

27 

7.84 

.79b 

2.27 

$195 


a Differences in mean height required for significance with odds of 19 : 1, 2.03 and 
odds of 99; 1, 3.18. 

Differences in yield per plant required for significance with odds of 19: 1, .33 and 
with odds 99: 1, .52. 

^Significantly better than control with odds of 19: 1. 

c Significantly better than control with odds of 99: 1. 

dNo plants in 27 infected with root knot. Efficacy not less than 89 per cent, with 
odds of 19: 1 as based on binomial distribution with 28 out of 28 infected plants in 
control. 

e One plant in 28 infected with root knot. Efficacy not less than 84 per cent, with 
odds of 19: 1 as based on binomial distribution with 28 out of 28 infected plants in 
control. 

f One plant in 25 infected with root knot. Efficacy not less than 82 per cent, with 
odds of 19: 1 as based on binomial distribution with 28 out of 28 infected plants in 
control. 
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the records of height at 6 weeks. These results may be partly explained on 
the basis of results by Howard, Stark, and Smith ( 1939 ^ who found that 
partial sterilization may delay infection sufficiently in tomato plants to 
permit the formation of an adequate root system. Thereafter, attack by 
root knot may not cause much reduction in yield. 

With root knot- and fungus-infested soil, it would appear that the selec- 
tion of a chemical and dose rate would depend entirely on the xalue of the 
crop benefit. 

SUMMARY 

Chloropicrin, ethylene chloride, and mixtures of the tw^o are effective in 
the control of nematodes in soil and consequently beneficial to plant growth. 
For narcissus eelworm, 10 cc. injections of ethylene chloride to a depth of 
6 to 8 inches in rows 9 inches apart and holes 10.5 inches apart have been 
shown to be highly efficient. The cost is about $110 per acre. For soil for 
flats, the cost, including labor, would be about one-third cent per cubic foot. 
Other treatments also were efficient, but much more expensive. 

For root-knot nematodes and fungus diseases of gerberas in greenhouse 
soil, a mixture of chloropicrin 1.5 ce. and ethylene chloride 8.5 cc. gave the 
best results. The cost is about $386 per acre. 

For root knot and fungi of tomatoes, grown outdoors, the mixture of 
chloropicrin 1.5 ce. and ethylene chloride 8.5 cc. was the best from the stand- 
point of yield, but a 10 cc. injection of ethylene chloride was just as good or 
better from the standpoint of nematode control. Selection of a treatment 
should be based on the expected market value of the crop. 

Caution should be exercised in the use of ethylene chloride for indoor 
work, since it is inflammable. 

5 Phytopath. 29 : 11. 1939. 


THE GKOWTH BATE OF SEVERAL WOOD-INHABITING FUNGI 


A. E. Edgecombe 
(Accepted for publication January 16, 1941) 

INTRODUCTION 

The following experiments were planned to discover if possible what are 
the expressed effects on fungi of certain environmental factors. Six of the 
so-called higher fungi among the basidiomycetes, offering a variety of re- 
sponses to the environmental stimuli thus considered, were chosen for these 
tests. In view of the effect of environment on vegetative growth of fungi, 
however, only a limited number of these factors was investigated. TheJ 
factors considered, in the main involved light, temperature, moisture, 
hydrogen-ion concentration, and added enrichment of the agar substrate. 
It appeared evident from the beginning that of the factors under considera- 
tion the moisture content of the fungal substrate seemed to influence most 
the relative abundance of vegetative growth when the fungi were cultivated 
on solid agar media. 

Fungi on improved agar media appeared to grow well at a pH range of 
5 to 7. Somewhat better growth was obtained at the lower of the two pH 
determinations. An arbitrary standard pH of 6 was maintained through- 
out this study, however, because of the difficulty in maintaining the sub- 
strate solid at a lower pH when the percentage of agar in the media was 
lowered to 1 per cent. 

REVIEW OF LITERATURE 

Wilkins et al. (4) found that fungi, in nature, generally grew best at a 
pH range of 4-6. According to Wilkins et ah (4), this low pH range was 
true only of the humus substrate in which the mycelium proliferated and 
from which the sporophores arose. They found that the soil below this 
humus cover more often ranged in pH from 6-8 in the same habitat. To 
find the higher pH for the fungi under consideration is not surprising, since 
the fungi studied grew on wood in all cases and not on soil. 

The effect of temperature on the growth and development of fungi is 
very marked in many instances. Cartwright and Findlay (1), in their 
studies on the physiology of wood-destroying fungi, in which rate of growth 
was observed in relation to temperature, noticed this marked difference in 
average daily increment of growth at different temperatures. In the main, 
the optimum average daily increments of growth for the wood-destroying 
fungi fluctuated between 23 and 27° C. They found the optimum average 
daily increments of growth for Merulms lacrymans to be 7.0 mm. at a tem- 
perature of 23° C., for Pleurotus osireatus a daily increment of 17.0 mm. at 
25° G., md ioT Lentinus lepideus an average daily increment of 9.9 mm. at a 
temperature of 27° G. 

The lower the concentration of agar in the media the more prolific ap- 
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peared to be tlie growth, of the mycelium of the various fungi. To main- 
taiu a solid consistency to the agar substrate, the eoncentratioii was main- 
tained throughout the experiments at a maximum of 1 per cent. Groom 
and Panisset (5), studying the growth of fungi on library books, found that 
the relative humidity of the air at which mildews developed varied in- 
versely with the temperature, and that at a temperature of 25'" C. the 
humidity of the air for optimum growth was 72.6 per cent. 

Choice of media in the growth and development of fungi is evidently 
important. Hall (2) found for ScleroUnia fructigena meager growth on 
Eichard’s agar and sparse growth on prune agar. He found that there was 
a large development of mycelium on potato-mush agar, as well as on the 
synthetic media developed by Brown. 

Not all environmental factors seem to function equally wull in limiting 
fungous growth and development. According to some authors, light and 
humidity appear not to affect growth and development very markedly. On 
the other hand, pH, temperature, and nutrients seem to exert a marked 
effect on fungous growth. Heat at suitable temperatures allows for abun- 
dant growth, while at unfavorable temperatures the growth of the fungus 
is reduced enormously. 

MATERIALS AND METHODS 

Of the 6 fungi used in these experiments all, except the single polypore, 
Merulius lacrymans (Wulf), belong to the division of basidiomycetes called 
the mushrooms. The mushrooms used were CollyMa veUitipes Fr., Pleiiro- 
his ostreahis Fr., P. ulmarius Fr., PhoUota adiposa Fr., and Armillaria 
mellea Fr. Of the six fungi used, 0. velutipes and Pleiirotus ostreatus Avere 
distinctly rapid growers, while A, mellea proved to be a decidedly slow 
grower. 

The fungi were cultured in Petri dishes 9.2 cm. in diameter. The 
amount of sterile medium aseptically poured into each Petri plate was 
measured exactly to 15 cc. All tests were set up in triplicate series and the 
experiments were repeated twice to secure comparable data. This proce- 
dure was consistently followed in making the study of all 6 fungi. 

During the period of growth the cultures of fungi were kept in an incu- 
bator at a uniform temperature of 25 C. After the plantings were made, 
measurements were taken at 48-hr. intervals and continued regularly until 
the fungous mat had completely covered the surface of the agar.' Each 
culture was started by the transfer of a 3-mm. block of agar taken from a 
plate in which the fungus had been actively growing on the test media. 
The transplants were placed with the aerial mycelium uppermost. Each 
fungus was started originally from a hyphal tip and, prior to its growth in 
the final tests, the fungi were cultured for 3 successive plantings on the 
identical media in which the test cultures were finally grown. All the 
fungi, therefore, were equally well acclimatized to the media on which they 
grew before the start of the test experiments. 
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Prelimiiiaiy tests in hydrogen-ion concentration covering a pH range 
from 5 to 8 were made at pH intervals of .5. The lower pH values ap- 
peared definitely good for fungus growth. However, a pH value of 6 was 
finally arbitrarily established in order to minimize the difficulties en- 
countered in inaintaining a solid medium at a lower pH value when the 
agar concentration was limited to 1 per cent. 

Likewise, wide ranges of temperature were initially investigated, and, 
eventually, narrower ranges were tested to determine an optimum tempera- 
ture. The 5 temperatures of the preliminary tests ranged from 15 to 35° C. 
with intervals of 5°. This wide range was at length narrowed down to the 
temperatures of 23, 25, and 27° C. from which finally the 25° C. tempera- 
ture was selected as the most satisfactory for the equitable growth of the 
fungi under investigation. 

A similar a|)proaeh was adopted in determining the most favorable con- 
centration of agar. Ranges such as 1, 2, and 3 per cent concentration of 
agar were used at first ; then a narrower and lower range of .5, 1, and 1.5 
per cent concentrations was investigated. Some difficulty was experienced 
in handling an agar medium of less than 1 per cent, so that percentage con- 
centration was used throughout the experiments and proved very satis- 
factory. 

The rate of growth of the fungi under consideration was further ob- 
served under 3 degrees of light intensity; namely, full daylight, shade, and 
complete darkness. The rate of growth, measured diametrically, was not 
greatly decreased in full daylight, nor appreciably increased in darkness. 
On the contrary, the surface appearance of the mycelial mat was quite 
marked. Fruiting and distinct concentric rings were evidenced in full day- 
light, while an elevated and more uniformly even growth was evidenced 
in complete darkness. The shade exposure gave the greatest diametrical 
growth. The data recorded in these experiments were taken from the 
fungus series cultured in the shade, and the photographic plates submitted, 
likewise, were made from this light exposure. 

The regular basic ingredients were added to all media; namely, sugar 
(sucrose 2 per cent), potato extract (200 g. per 1.), salt (sodium chloride 0.5 
per cent), peptone (Bacto 1 per cent), and agar (Bacto 1 per cent). 

The addition of several liquor extracts was tried as an enrichment to the 
basic media. These extracts were secured from sources such as corn, pea, 
carrot, and prune. The liquor extract from prune gave, on the whole, the 
best growth results. In all the tests recorded here, the basic media were 
enriched by adding to each liter of agar the juice from J lb. of steamed 
prunes. The enriched media were used in the tests for making relative 
growth comparisons of all 6 of the selected fungi. 

The factors chosen for study in this piece of research are by no means 
complete, nor are the methods and procedures followed in making the deter- 
minations in any way ideal, but in so far as the selection extends, the factors 
have been very carefully developed and the procedures checked. 
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An attempt at evaluation of growth factors and growth responses of 
fungi in the field may be profitably undertaken in order to learn more about 
the little-known ecology of the higher fungi. 


DATA AND DISCUSSION 

The first series of fungi was planted in triplicate cultures on March 31, 
and measurements of the diametric growth on an agar surface were taken 
every other day over a period of 1 month. The average of 3 readings was 
recorded in all eases. The results of the measurements are recorded in 
table 1. In approximately 11 days the mycelial mats of the fungi CollyUa 
vehitipes and Pleurohis ostreatus, 2 wood-inhabiting mushrooms, covered 
the agar surface in the Petri plates, a distance of 9.2 cm., giving a growth 
rate of practically .8 cm. every 24 hours. 


TABLE 1. — Daily record of growth in diameter, measured in centimeters, and average 
daily increment of growth of six species of wood-inhaMting fungi 


Date 

Collyhia 

velutipes 

Fleurotus 

ostreatus 

Merulius 

lacrymans 

Fleurotus 

ulmarius 

Fholiota 

adiposa 

Armillaria 

1 mellea 

March 31 

Planted 






1 i 21 

0.70 

0.45 

0.65 

0.35 

0.40 

0.35 

5 

3.65 

3.50 

1.70 

1.40 

1.35 

0.60 

u 7 

5.30 

5.25 

2.65 

2.60 

1.70 

0.75 

9 

6.40 

6.65 

3.40 

3.85 

2.30 

1.00 

i i 12 

9.10 

9.20 

6.15 . 

6.25 

4.20 

1.50 

15 

Covered 

Covered 

8.15 

6.90 

5.15 

1.70 

17 



9.10 

8.40 

6.45 

2.20 

20 



Covered 

9.15 

7.15 1 

2.65 

22 




Covered 

7.50 j 

2.85 

25 





8.05 i 

3.10 

27 





8.45 ! 

3.50 

'V 29 





8.80 

3.75 

May 2 





Covered 

3.90 

Averages 

0.76 

0.77 

0.54 

0.46 

0.30 

0.12 


Two wood-destroying fungi Merulius lacrymans and Fleur ot us ulmarius, 
covered the surface of the agar with their mycelial mats in 19 days, thus 
growing at the rate of approximately .5 cm. every 24 hours. 

The tree-inhabiting mushroom, Pholiota adiposa, completely covered the 
surface of the agar with its mycelial mat after the lapse of 30 days, growing 
at the slow rate of only .3 cm. every 24 hours. On the other hand, Armil- 
laria mellea, a root-destroying fungus, had developed through a diameter 
of 3.9 cm. in the longest period of time the experiment was in progress, 
namely 32 days. The growth rate in this instance was only .12 cm. every 
24 hours. Armilldriu mellea thus proved to be an exceedingly slow grower 
on an artificial medium. 

The data recorded in table 2 were obtained from a second series of 
fungus cultures planted on April 19 and completed on May 21. The records 
made in this instance were also the average of 3 readings, and, in the second 
series of cultures, the measurements were cheeked by an efficient laboratory 



TABLE 2. — -Daily record of growth in diameter measured in centimeters and average 
daily increment of growth of six species of wood-inhabiting fungi 








worker. Tke period of time taken by each fungus to span tbe distance from 
the center of the Petri plate to its pexuphery was in all cases comparable to 
that elapsing in the first series of cultures to cover the same distance, namely 
that recorded in table 1. 

The average daily increment of growth for each fungus, calculated from 
the data recorded in tables 1 and 2, is 8 mm. for Gollyhia velutipes, 8 mm. 


Fig. 1. Plate cultures, A (left to right) , of CollyUa velutipes, Pleurotus ostreaUis, 
Merulius lacrymans, Pleurotus ulmarius, Pholiota adiposa, and Armillaria mellea 8 days 
after the fungi were planted. B. One culture each of all 6 fungi arranged in the order 
designated for A. Figures C and D show the same fungi in the same order just 15 days 
after planting. 


Date 

Collybia 

velutipes 

Pleurotus 

ostreatus 

Merulius 

lacrymans 

Pleurotus 

ulmarius 

Pholiota 

adiposa 

Armillaria 

mellea 

April 19 

Planted 






i c 21 

0.70 

0.45 

0.65 

0.35 

0.40 

0.35 

23 

1.70 

1.40 

1.75 

1.40 

0.85 

0.45 

26 

4.85 

4.70 

3.35 

2.75 

1.60 

0.90 

28 

7.90 

7.70 

4.05 

4.50 

2.60 

1.35 

30 

9.15 

9.05 

5.10 

5.75 

3.25 

1.65 

May 3 

Covered 

Covered 

7.65 

6.85 

4.65 

1.80 

it 5 



8.90 

8.05 

5.59 

2.15 

it 7 



Covered 

9.15 

6.65 

2.50 

A' 10 




Covered 

7.45 

2.75 

12 





8.00 

3.00 

14 





8.50 

3.25 

if 17 





8.90 

3.65 

19 





Covered 

3.90 

21 






4.25 

Averages 

0.83 

0.82 

0.56 

0.51 

0.32 

0.13 
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ioY Pleurotus ostreaius, 5.5 mm. for Merulius laonjmmis, 4.8 imn. for P. 
ulmarius, 3 mm. for Pkoliota adiposa and 1.2 mm. for ArmMlaria mellea. 

Cultures shown in figure 1 indicate a close similarity in rate of growth 
of the two mushrooms velutipes and Pletirotus ostreaUis. There 

is also a fairly close similarity in rate of growth between the two fungi 
Merulius lacrymans and Pleurotus ulmariiis, even though for the latter two 
fungi the rate of growth is much slower than for the two former ones. The 
rate of growth of PhoUota adiposa is slightly more than one-third that of 
Collylia vehtiipes and that for Armillaria mellea is exceedingly slow, 
amounting to only 1.2 mm. increment of growth every 24 hours. CoUylia 
velutipes, on the other hand, makes an increment of growth equivalent to 8 
mm. every 24 hours under the same restricted growing conditions. 

Data recorded in tables 1 and 2 indicate rather clearly that there are 
very great differences in the rates of growth among closel^^ related fungi, 
even when all environmental factors are kept uniform. Furthermore, the 
rate of growth for any individual fungus can be duplicated repeatedly so 
long as the environmental factors are maintained constant and uniform, 
as originally established for experimental purposes. 

The differences in rates of growth seem to be due to some or all of such 
factors as the environmental conditions surrounding the fungi, the consti- 
tuents or components of the substrate on which the fungi grow, and the 
natural inheritable capacities of the fungi. The latter two of these factors 
appear to be the more probable determining ones ; especially, since the sur- 
rounding environmental conditions, such as light, temperature and moisture, 
are in most eases constant factors of an environment. 

SUMMARY 

Six fungi were selected for these studies, namely Collylia velutipes, 
Pleurohis ostreat'us, Merulius lacrymans, Pleurotus ulmarius, PhoUota adi- 
posa and Armillaria mellea. 

The fungi were cultivated upon fruit-enriched agar, in Petri dishes, hav- 
ing a uniform depth and a diameter of 9.2. centimeters. 

Uniform conditions of temperature, hydrogen-ion concentration, light 
intensity, moisture, and substrate components were maintained. 

The fungi were all cultivated in the same month of the year and grown 
for the same period of time. 

Different rates of growth were found for these fungi, although they were 
cultivated under equally uniform conditions. 

All the factors for growth were maintained as far as possible at optimum 
conditions or close to optimum and sufficient controls were handled to com- 
pute a satisfactory mean measurement. 

Department OF Botany^ 

Northwestern University, 

. Evanston, Ielinois. , 
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THE EELATION OF THE CURCULIONID, ANACENTEINUS 
DEPLANATUS, TO EOOT EOT AND BASAL STEM 
EOT OP BAENYAED GEASS, ECHINO- 
CHLOA CEUSGALLI" 


E. W. Hanson and H. E. Millirons 
(Accepted for publication December 18, 1940) 

INTRODUCTION 

Insect attacks on tie lower parts of the plants may be one of the most 
important factors influencing the development of root rot and basal stem rot 
of cereals and grasses. Heavy insect infestation at the bases of these plants 
is common in the Northern Great Plains and severe basal stem rot is almost 
invariably associated with such insect injury. Several kinds of insects are 
involved, but certain species of weevils are particularly important. They 
commonly infest the crowns and bases of stems of wheat, barley, rye, and 
many wild and cultivated grasses. Their entrance weakens the plants’ pro- 
vides avenues of entrance for fungi and bacteria, and sometimes fills the 
culms with frass, a good medium for the rapid growth of microorganisms. 
Hanson and Christensen (2) recently called attention to the problem and 
listed a number of widely distributed grasses that are attacked by these 
insects. One of the hosts listed, Echinochloa crusgalli (L.) Beauv., popu- 
larly known as barnyard grass, is frequently attacked by the weevil, Ana- 
cmtrinus deplamtus (Casey). Barnyard grass remains green until late in 
the season and apparently is an ideal host for this weevil. 


Infestation varies with the season and locality. Extent of host injury 
depends on the time of year that infestation occurs and the subsequent 
environmental conditions. When plants are attacked early, and dry weather 
ensues they may become dwarfed and most of the basal leaf sheaths and 
some of the culms will be killed. When infested late in the season or under 
conditions exceptionally favorable to growth of the host, there may be no 
marked^ differences m the appearance of infested and noninfested plants. 

in- BrowuT “7 time after they begin head- 

»• discoloration often appears on the basal parts of the culms of 
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infested plants as a result of outward decay from witMn or the development 
of decay around tlie oviposition punctures (Pig. 1) . It is not always possible 
to detect infested plants by external symptoms. Sectioning of the culms 
may, therefore, be necessary to reveal the discolored and diseased areas (Pig. 



Fig. 1. Bases of culms of Echinochloa crusgalli, showing external symptoms of infes- 
tation and decay. The middle culm shows evidence of rot-inducing organisms that entered 
through the oviposition punctures. Approximately x 1. 


2). The affected part may be limited to the proximity of the crown or may 
extend upward for several inches. As a rule, the insect tunnels are filled 
with frass, which usually becomes discolored and necrotic along with the 
culm. 
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DESCEIPTION OF INSECT 

Anacentrinus deplanaius (Casey) {-Limnoharis deplam^ Casey) is the 
weevil most commonly associated with the basal stem rot of barn^mrd grass. 
Although the life history of this insect has not been completely ascertained 
for the vicinity of St. Paul, it is known that infestation oeeurs from June to 
at least the middle of September. During this period, larvae may be found 
anywhere in the culms of infested plants from the root crowui to a distance 



ms e^tenfand BdhmooUoa erusgalli, show- 

respeetwe pupal chambers. ApproSnately Anacentrinus deplanatus in their 

Of 2 to 31 inches above the soil line. Usually there is but one larva in a culm 
or crown but 2 are not uncommon and sometimes as many as 3 are found. 

mS T prevalent, while in the fall the 

fn hoiZd b Predominate. All observed cases of pupation occurred 
m ho lov ed chambers withm the plant (Fig. 2 ) . The full-grown larva (Fig 
3 A) measures approximately 2.5 x 1.3 mm., in a natural, curved posh 
tion, and is white, except for the amber head. The pupa (Fig. 3, B and C) 
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measures 2.5 x 1.6 mm. ; during the first few days it is entirely white, but 
becomes a dull brown prior to emergence of the adult (Pig. 3, D and E). 
The adult is 3.0 mm. long and 1.2 mm. wide. Newly emerged individuals 
are pale to reddish brown, while older specimens are black, except for the 
minute, white setae-like scales. 

This species has been definitely recorded by Buchanan ( 1) from Arkansas, 
Illinois, Kansas, Louisiana, Mississippi, Missouri, South Dakota, Texas, and 
Washington, D. C. Barnyard grass appears to have been the only host men- 


Fig. 3. Stages in tlie life history of Anacentrinus deplanatus. A. Larva. B. Pupa 
(dorsal view). C. Pupa (ventral view). D. Adult (lateral view). E. Adult (dorsal 
view). X 9.5. 

tioiied prior to the publication by Hinds and Osterberger (4), who found 
Anacentrimis deplanatus associated with a closely related species, A. suh- 
nudus Buell., causing considerable damage to sugar-cane plantings in Louisi- 
ana. Earlier, in 1930, Ingram and Holloway (5) discussed the damage done 
to sugar-cane rootstocks and young plants by weevils, which were, according 
to Buchanan (1) , A. suhnudus. They state that ^Hn some cases the stubble 
was riddled with tunnels and all eyes killed either directly by the weevil 
larvae or by the entrance of disease organisms into the tunnels.'’ 
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IlSrSECT INFESTATION IN RELATION TO DEVELOPMENT OP ROTS 

In the research here reported, many kinds of soil fungi and bacteria were 
found associated with root rot and basal stem rot of barnyard grass, and the 
amount and severity of the decay was consistently greater in the weevil- 
infested than in the noninfested plants. The weevil not only wounds the 
plant, thus weakening it and furnishing invasion avenues for the fungi and 
bacteria, but it also deposits a frass in its tunnels, which greatly facilitates 
the rapid growth and multiplication of these organisms. Some fungi, par- 
ticularly certain species of Tenicillimi, sporulate abundantly in these tun- 
nels. Moreover, once the organisms have become established they can spread 
beyond the insect tunnels into the adjacent noninfested tissue. 

Approximately 500 infested plants and an equal number of noninfested 
ones were collected at random from several fields, surface-sterilized with 
mercuric chloride, and plate cultures were made (Table 1). 


TABLE l.—jPereentage of infection and relative prevalence of various fungi and 
bacteria associated with the decay of the basal parts of insect-infested and noninfested 
plants of Bchinochloa crusgalli 


Source and part 
of plant 

Total 

Belative percentage prevalence of fungi and bacteria 
isolated from infected plants^ 

infec- 

tion 

Busa- 

rium 

Helmin- 

tho- 

sporium 

Alter- 

naria 

Mucors 

Tricbo- 

derma 

Other 

fungi 

Bac- 

teria 

Infested plants 

Basal parts of 
stems 

Fer 

cent 

95 

69 ' 

7 

1 

0 

10 

2 

11 

Boots 

68 

41 

43 

5 

0 

4 

1 

6 

Brass 

100 

50 

1 

1 

19 

16 

2 

11 

Noninfested plants 
Basal parts of 
stems 

15 

50 

36 

4 

0 

0 

5 

5 

Boots 

49 

48 

33 

5 

0 

0 

6 

8 


a Percentages given in nearest whole numbers. 


The percentage of infection was strikingly greater on the insect- 
infested than on the noninfested plants, even though root rot was com- 
mon on the latter. The frass in the insect tunnels was always infected. 
Species of Fusarnm, including both F. culmorum (W. G. Sm.) Sacc. and F. 
gmmmearum Schw., were isolated with the greatest frequency. Several 
species of especially JT. sativum P. K. and B., were very 

prevalent during the early part of the summer but by the first week of Sep- 
tember, when the major part of the plating was done, they constituted only 
7 per cent of the isolates from infested stems. The relative prevalence of SeZ- 
minthospormm on the stems was considerably higher on noninfested than on 
infested plants. These data confirm the observations of the senior writer on 
other foot and root rots of cereals and grasses, i,e., that the prevalence of 
Helmiuthosporium relative to other genera of fungi is higher on young and 
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vigorously growing plants than on those approaching maturity, or those 
greatly weakened by disease, insects, or other unfavorable conditions. Less 
pathogenic organisms seem to be able to compete with Eelmintliosporium 
better when, for any reason, the growth of the plants is retarded. Some of 
the other fungi commonly isolated were : Alternaria spp., Aspergilhcs spp., 
Basisporium spp., Braehysporium spp., Cephalothecium spp., Chaetomium 
spp., Penicillium spp. j BMzoctonia solani Klihn, and Stemphylnim spp. At 
least 3 kinds of bacteria were isolated consistently from the infected areas 
of the plants. Larvae, pupae, and adults were found to have all of these 
fungi and bacteria on the exterior parts of their bodies. Also, when they 
were surface-sterilized and plated out, they were found to contain several 
species of Fiisarium^ including both F. milmorum and F. graminearum; H. 
sativum, H. pedicellatum Henry (3), and several species with narrow and 
short conidia ; Trichoderma sp. ; Alternaria sp. ; Penicillium sp. ; Bhizoctonia 
solani Kuhn ; and several genera, which were not identified. The same types 
of bacteria isolated from infested plants were commonly isolated from the 
body contents of the larvae. 

Although Anacentrinus deplanatus has been definitely reported only 
from barnyard grass and sugar cane, it seems probable, or at least possible, 
that it attacks other hosts. Similar larvae have been noted in barley and 
several grasses. The weevil causing most of the damage to wheat is a differ- 
ent species, but occasionally larvae are found that resemble those of A. de- 
planatus, It will be necessary to make a separate study for each host before 
the species of weevil concerned in each case will be known. All of the weevils 
attacking the basal stems of cereals and grasses in the Northern Great Plains 
area cause similar damage, and it is evident that they increase the severity 
of both root rot and basal stem rot. The development of varieties resistant 
to these diseases must take into consideration their susceptibility or resis- 
tance to the insects that predispose them to attack, as well as the inter-rela- 
tionships between these insects and the rots. 

University Farm, 

Saint Paul, Minnesota. 
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CURRENT-SEASON DEVELOPMENT OP VIRUS SYMPTOMS 

IN TULIPS 

PhilipBeierley 
(Accepted for publication January 7, 1941) 

In recent years leaf rubbing* with the aid of earboriinduni powder has 
gained wide acceptance as an effective method of inoculation for many plant 
viruses. This paper presents the first evidence that this method is satisfac- 
tory for viruses transmissible to tulip and will yield current-season symp- 
toms when used at an early stage of plant growth. This is in strong contrast 
with the earlier published experiences of the writer and coworkers (2, 3, 4, 
11, 12). McWhorter, in a private comniunication in 1940, reported his first 
observed current-season effects as also following eaiiy-season inoculation by 
leaf rubbing. Apparently, inoculation at an early stage of development of 
the tulip is the chief requirement for current-season symptom expression. 
The leaf -rubbing method lends itself to early-season inoculations and is sim- 
ple, fast, and effective. 

Cayley (5, 6) grafted bulbs during the storage period and inserted cores 
of tissue from diseased bulbs into healthy bulbs. Gigante (7) used these 
and similar methods of inoculation into bulbs. He also made use of capil- 
lary tubes to inject sap expressed from leaves of broken’^ tulips into the 
leaves of healthy tulips shortly after the latter appeared aboveground. All 
these methods yielded current-season effects, in low proportion in Cayley’s 
experiments, in high proportion but accompanied by weak growth and blind- 
ness in Gigante ’s trials. McKenny Hughes (8, 9, 10) consistently obtained 
current-season breaking symptoms in trials with vector species of aphids. 
In one of his experiments Myms persicae produced current-season breaking 
in 85 per cent of the tulips infested. McKenny Hughes’ uniform success 
in producing breaking in the same year, contrasting with our (4) failure 
to produce any current-season breaking with the same vector species, may 
be attributed to his practice of preparing viruliferous colonies suitable for 
transfer very early in the season. 

Ill preliminary trials in 1938 the ‘'strong-mottle” virus of Easter lily 
was inoculated from this species into Lilium f ormosunufn by leaf rubbing 
with carborundum, by multiple needle puncture, and by hypodermic needle 
injection (Luer syringe. No. 27 needle) The numbers of plants inoculated 
were 10 in each instance and infections were 9, 4, and none respectively. In 
a parallel trial with inoculum from necrotic-flecked Easter lily, 8, 1, and 2 
plants of L. formosamm were infected. Leaf rubbing was adopted as the 
standard method of inoculating lily viruses into plants other than tulip. 

Pile hypodei’mic-needle method was retained for inoculations into tulips 
largely because of the effectiveness of transfer reported by McWhorter (11). 
This method seemed to offer more promise for these plants because tulip 
peduncles are readily injected by needle with considerable quantities of 
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liquid. When Clara Butt tulips gTowing in an unprotected outdoor frame 
were inoculated with viruses from Easter lily by hypodermic needle in 1937, 
103 of 167 plants (61.7 per cent) showed infection in 1938. When this tulip 
variety was inoculated under similar conditions in 1938, 12 of 37 plants 
(32.4 per cent) inoculated with viruses of the tulip type, and 6 of 18 inocu- 
lated with cucumber virus 1 strains showed infection in 1939. These pro- 
portions of transfer are lower than those reported by McWhorter (11) for 
the hypodermic method under field conditions in Oregon. 

Paired lots of Clara Butt tulips were inoculated in the greenhouse on 
March 3 and 4, 1939, one with the hypodermic needle and the other by leaf 
rubbing with carborundum. Tulip viruses 1 and 2, the latent virus of lily, 
the strong-mottle virus of Easter lily, and several strains of cucumber virus 
were included in these comparisons. With each virus the same sample of 
expressed juice, diluted approximately 1 : 20 with tap water, served as in- 
oculum for both methods. The inoculations were delayed until flower buds 
were beginning to show color in order to permit injection of flower stems 
by the needle method. No symptoms appeared during the current season. 
All bulbs produced by the inoculated plants were grown in the open for 
record in 1940. Infection was expressed chiefly as flower symptoms, but 
the cucumber-virus strains, lily latent virus, and strong-mottle virus also 
produced well-defined leaf symptoms. The data in table 1 show leaf 
rubbing to be superior to hypodermic-needle injection for infection with 
these viruses under the conditions of the comparison. Cucumber viruses 
produced 16 infections in 101 plants (15.8 per cent) following hypodermic 
inoculation, and 30 in 94 plants (31.9 per cent) following leaf rubbing. 
The tulip viruses of McWhorter (11) and the latent and strong-mottle 
viruses of lily, tentatively grouped with these (2, 12), caused 17 infections 
in 55 plants (30.9 per cent) by hypodermic injection, and 29 in 49 plants 
(59.2 per cent) by leaf rubbing. 


TABLE 1 . — Comparative resnlts of hypodermic-needle vs, leaf -r niching inoculation 
of viruses into Clara Butt t'ulips. Inoculations March S and 4, 19SB ; symptoms recorded 
May 14, 1940 


Virus 

Source 

Hypodermic 

Leaf -rubbing 

Tulip virus 1 

Tulip 

1/lla 

2/6a 

Tulip virus 2 

do. 

11/16 

13/17 

Latent virus of lily 

Easter lily 

1/13 

3/15 

Strong-mottle virus of Easter lily 

do. 

4/15 

11/11 

Cucumber virus 1, lily strains 

do. 

5/51 

10/45 

do. 

Tobacco 

11/50 

20/49 

Controls, uninoculated 


0/27 


a Number of plants infected over number surviving. 


In 1940, Clara Butt tulips, forced in flats in a greenhouse, were inocu- 
lated by the leaf -rubbing (carborundum) method with a number of virus 
collections from lily and with the two tulip viruses distinguished by 
McWhorter (11). On January 19, when the first inoculations were made. 
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each tulip shoot was still enclosed within the outermost leaf and the outer 
surface of this was rubbed. Later inoculations, in February, were applied 
to this leaf, to the second leaf, and in some plants to the third leaf also. 
Many of these inoculations produced current-season flower breaking and 
several cucumber-virus strains also produced leaf symptoms (Table 2). 
The cucumber-virus strains infected 46 out of 110 plants (41.8 per cent) ; 
tulip viruses, 101 out of 210 plants (48.1 per cent) and the inoculations 
from lilies carrying virus complexes were successful in 53 out of 120 plants 



. • produced in Olara Butt tulip by a virulent lily strain of encumber 

It th; Hgir‘ inoeu?ation%1Xy 


\, —Production of current-season virus symptoms in Clara Butt tulips ly leaf-nibMng inoculadiou ivith carhorimdmn. Records in 


1941] 


Brierley; Virus Symptoms in Tulips 


841 


++++ 111 I 11 I 11 I+I 


OOb-tOlOOOTHOqrHOOCOOQUtJrHOOkOrHas 
tH rH rH r-1 CO rH r-1 tH 


rj 

O 

01 


i i § 

j 

0 lil . . . JSSIS* . . . 

1 5.2,3 .2.5 § §-5 


5 §: ^55 

I ^ g g $ 
S ?> I I 


l'I lJI Cl 






5 m 


nd ni 


PS ^ 

85 § 




O VJ ^ 

M cd 

• • • • o'' 03 




O o 2 CD 




c350cqc^])Ln»na}CqioiO'yD<® 


00 00 00 00 






842 


Phytopathology 


[VoL. 31 


(44.2 per cent). Inasmuch as cucumber viruses produced recognizable leaf 
symptoms but tulip viruses did not, diagnosis of the latter was dependent 
on flowering of the tulips. The number of flowers was low in this series 
because the tulips were a little too dry when forced. There is reason to 
expect that early inoculation by leaf rubbing may prove more effective if 
the tulips are well-grown. 

All cucumber- virus strains tested produced similar current-season symp- 
toms in tulips. The flower breaking characteristic of cucumber virus is a 
dull-red striping or feathering. These lines of intensified color are less 
sharply demarked and duller in tone than the corresponding effects of tulip 
viruses. Commonly, there is a conspicuous blemish near the distal end of 
the outer perianth parts, as previously illustrated (3, Fig. 2, B). Leaves 
are often flecked or striped with white or gray. The leaf symptoms re- 
corded in the current season from inoculations with lily complexes (Table 2) 
were of this type. A striking effect in tulip, produced by the most virulent 
strain of cucumber virus thus far isolated from lily, is shown in figure 1. 
Symptoms were conspicuous 30 days after inoculation and bore a close 
resemblance to those illustrated by Ainsworth (1) in a tulip naturally 
infected with a strain of cucumber virus 1 in England. 

No attempt is made to classify the symptoms developed by viruses that, 
for convenience, have been assigned to the ''tulip group'' (2, 3). More 
information is needed before these symptoms can be satisfactorily inter- 
preted. The name "latent virus of lily" is applied provisionally to a num- 
ber of isolates that resemble the virus so designated by McWhorter (12). 
Such isolates from lily fail to infect tobacco but produce symptoms in tulip 
and Lilium formosanum. There is no assurance that viruses so indefinitely 
characterized form a related group, but it is convenient to treat them as 
such a group until differences are found that make such an assumption 
untenable. 


The successful production of current-season symptoms in this series 
(Table 2) is attributed to inoculation at an early stage of growth rather than 
to the method, although the leaf -rubbing method is especially convenient to 
^pply to tulips in early stages of development. In view of Gigante's report 
(7) of current-season symptoms following early injection of virus extract 
by capillary tube, it is to be expected that early inoculation by hypodermic 
needle would be successful also. Evidently, previous trials at this station 
(2, 3) as well as by McWhorter (11, 12) were made too late in the season 
to permit current-season expression. 

U. S. Horticultural Station, 

Beltsville, Maryland. 
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CALCIUM DEFICIENCY AS A FACTOR IN ABNORMAL ROOTING 
OF PHILODENDEON CUTTINGS 


M. 


Tucker anb P. E.Burkh older 


(Accepted for publication December 12, 1940) 

During the summer and autumn of 1939 considerable trouble was experi 
enced in a greenhouse in St. Louis County, Missouri, in securing normal 
ea t y, potted philodendrons (probably Philodendron giganteum Schott.), 
n this greenhouse the usual propagation methods were followed Cuttino-s 
were taken from apparently normal plants growing in soil benches and 
p ced in shallow benches of a rather coarse river sand for rooting : following 
development of roots and the growth of a leaf from the axillar^ bud the 
cuttings were transplanted to pots of soil for marketing 

after^rr development appeared in many of the cuttings 

after 2 to 4 weeks in the rooting bench; the single leaf on each cutting 
showed some loss of turgidity and a slightly wilted appearance, accompanied 
or followed soon by a slight degree of yellowing of the lamina, whiSi was 
general or confined to localized areas, usually fan-shape and bounded by 
veins; in more advanced stages necrotic, brown areas dLloped in t^ com 
p uous y yellow portions. The discoloration of this leaf destroys the 

branch roots than is usual wl^ ] fewer 

browning was confined to the^I'rTU'’?"’ were brown, but the 

sometimes slightly swollen and knobl^e^^^ were blunt, 

of the roots (Fig 1) the older portions 

nonfunctional brown, and obviously 

T"' ” 

the usual saprophytic, soil-inhabiting organisms “it yielded only 

sion by the funo'i rec’ovf^T*pri An a £ ^ that inva- 

healthy cond^Jt^^^^^^^^^^^ f ^ of the tissues. The 

suggested that the abnormal develwLnt“ cuttings were taken 

The poor developmeTof strt TT attributable to a vims. 

tionms root hairs, ““ 

lSi‘ to '=>' the 

toa, h.™ been 
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ments were performed in the greenhouse of the Department of Botany, 
University of Missouri, in the winter of 1939-1940. In these experiments 
cuttings were placed in nutrient sand in 3-gal. glazed porcelain pots. Differ- 
ent kinds of nutrient solutions were supplied daily to the cultures. In one 



ABNORMAL 


MINUS CALCIUM 


Fig. 1. Philodendron cuttings rooted in sand supplied witli different kinds of solu- 
tions. Above: A, watered with nutrient solution minus calcium; complete nutrient 
solution; C, minus potassium; D, minus nitrogen; E, minus phosphorus; E, minus sul- 
phur; Gr, minus manganese; H, minus iron; I, minus magnesium. Below: Left; stunted 
appearance of roots on cuttings watered with nutrient solution lacking calcium; right, 
abnormal plants grown under inadequate conditions in propagating bed of commercial 
greenhouse. (Compare figure 2.) 

series normal fresh cuttings were used. In another experiment cuttings 
that had rooted unsatisfactorily in a commercial greenhouse were employed. 
The latter plants bore yellow leaves and the typical peculiar, stunted, brown 
type of root system. 
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The composition of the nutrient solution used in the experiment with 
abnormal, rooted cuttings was as follows: Ca(N03)2, 0.002,5 M; MgSO 
0.005 M; KH2PO4, 0.003,5 M. Solutions that were made deficient in one 
essential element were prepared by substituting another in its place. The 
salts used in making these replacements were the following : minus N, CaCL, • 
minus Ca, NaNOj ; minus S, MgCl2 ; minus Mg, Na2S04 ; minus K, NaH2P04 • 
and minus P, KCl. Trace elements were added to all solutions at the fol- 
lowing rates in ppm. ; Pe, 0.5 ; Mn, 0.11 ; B, 0.05 ; and Zn, 0.07. 

The abnormal cuttings, taken from apparently healthy stock, had been 
planted in wet, coarse sand in a commercial greenhouse in St. Louis County. 
Early m November these cuttings with their brown, short roots were trans- 
planted into silica-sand cultures, supplied with the controlled types of solu- 
tions. The cultures were kept in moderate shade at a temperature of about 
75 P., and solutions were supplied every other day at the rate of about 1 
pint per pot. After 6 weeks, all plants were removed from the culture 
vessels, and examinations were made for comparative development of shoots 
and roots. 

The appearance of typical plants taken from each culture treatment is 
shown in figure 1. In the upper part of this figure, it may be observed that 
the root system of plant A, taken from the “minus calcium” treatment 
IS distinctly inferior to the .controls and all others in the series. Under 
le conditions of this experiment, the various essential elements, with the 
exception of calcium appear to have been present in the cuttings in amounts 
sufficient to permit fairly good growth of roots. Calcium deficiency symp- 

loTerTIr7of1 “ /l^^s grown in “minus calcium” solution. In tL 

hJ I ^ plants, taken from the propagatino- 

“nfinus ca?" greenhouse, are shown for comparison with the 

defieienf ' ^ culture supplied with solution 

deficient in calcium; the “abnormal” plants are typical of the cuto 

ml ®^P®^™ent. The photographs indicate something of the exter 

a.ici.nt and .bnomal „„ J l°,^™ekfad‘Td‘ 
stematie tissue eharaeteristie of Ca deficiency in 


torv o-rnwfii cuxtings mat siiowe 

favorable for o-rowth but ^ * other conditions were not 

ing transplantetion i’nto nutrimn^ndTirre 

direct physiological factors were eausin- the aL i^^dicate that 

logical conditions brought about 
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Another experiment was started with fresh cuttings on February 17, 
1940, for the purpose of testing various hypotheses concerning the influence 
of different factors on cuttings, such, for example, as the possible presence 
of toxic matter in the rooting medium, the effect of moisture supply, texture 
of rooting medium, and kind of solution employed. Coarse, brown, river 
sand from the commercial greenhouse, and medium fine silica sand were used 
as media in 3-gal. glazed pots. Both types of sand were w^atered with the 
following kinds of solutions : distilled water, tap water from St. Louis, tap 
water from Columbia, full nutrient solution, and minus-calcium solution. 
One whole series was set up in pots provided with drainage through a hole 
at the bottom, and another in pots wdthout bottom drainage. About a pint 



Fig. 2. Longiseetions through root tips of Philodendron showing disintegration of 
cells in ineristeinatic region. A, section through a root grown in nutrient sand culture 
with a solution lacking calcium; B, a root grown under inadequate conditions in propa- 
gating bed of commercial greenhouse shows similar abnormal structure. (Compare fig- 
ure 1.) 

of the different liquids was added daily to the drained pots, and small 
amounts to the closed vessels, as appearance of the sand seemed to indicate 
requirements for water. It was found that the lower part of the sand was 
filled with water, even though the surface seemed only moderately moist. 
Observations "were made on appearance of the shoots and roots after 1 and 2 
months. 

Several conclusions can be drawn from the results of this experiment, 
though the water supply was not controlled so carefully as might have been 
desired. Eooted cuttings of normal appearance were obtained in both kinds 
of sand, and with both kinds of tap water, and with nutrient solution. Even 
with distilled water added to the coarse sand, which probably contained some 
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available minerals, in closed vessels, root development was good. Cultures 
supplied with distilled water and open bottom drainage yielded poor root 
systems, possibly because of the leaching action. The minus-calcium treat- 
ment gave poor, typically brown roots. In general, the cultures with fairly 
high moisture conditions, whether supplied with tap water or full nutrient 
solution, produced the best results. The experiment indicates, furthermore 
that there was nothing in the water or sand used by the commercial green- 
house that was injurious to the cuttings. It does seem probable that with a 
fairly coarse sand some special provision needs to be made to insure adequate 
supply of water and eakium to philodendron cuttings. Rapid rootin» and 
healthy growth of cuttings were obtained within 4 weeks by using nmder- 
ately fine sand watered with dilute nutrient solution. 


Abnormal development of philodendron cuttings under greenhouse cul- 
ture resulted from failure to produce effective root systems. 

Abnormal, rooted cuttings placed in controlled sand cultures receiving a 
complete nutrient solution or one lacking either nitrogen, calcium, sulphur 
la^nesium, potassium, or phosphorus, recovered and developed good^root 
ystems; but abnormal, rooted cuttings, transferred to sand cultures and 

l-eloped 

Under low nutrient conditions the maintenance of fairly hio-h moisture 

Department op Botany, 

University op Missouri, 

Columbia, Missouri, and 

Osborn Botanical Laboratory, 

Yale University, 

New Haven, Conn. 


STUNT DISEASE OF STRAWBEERY^ 

S. M. Zellee and L. E. W e a v e e 
(Accepted for publication December 26, 1940) 

Stunt, a disease of strawberry, has been recognized in the Pacific North- 
west for a number of years. It was doubtless confused with yellows^ 
(xanthosis) in western Oregon and Washington as early as 1925. The dis- 
ease does its most severe damage under the cooler, more humid conditions 
that prevail about sea level along the coast or somewhat inland. In Oregon 
it occurs scatteringly throughout the Willamette Valley, mostly in the lower 
or northern part, and down the Columbia Valley. It also has been observed 
in western Washington. 

Stunt is most characteristically expressed in the Marshall variety. 
Atypical symptoms are found in seedling strawberries, especially in thick 
dark-leaved sorts. Plantings usually show little of the disease during the 
first year. Due to decreased vitality and general stunting, the affected 
plants yield lightly. The fruit is inferior in size and quality. As a rule 
high percentages of the disease are not found. 

The one typical symptom of all affected plants is stunting (Fig. 1), In 
fields where plants are grown in matted rows stunting shows up most 
characteristically. Here the dwarfed clones are in sharp contrast to neigh- 
boring healthy ones, which are 2 to 3 times as tall, and more robust. Clonal 
effects indicate the infection of young plants through runners from the dis- 
eased mother plant. 

The surprising feature of this virosis is the full color of the plants. 
There seems to be little if any reduction in chlorophyll. Most difference 
in color between healthy and stunted plants comes from the exposure to gen- 
eral view of the under surface of leaves of infected plants, lending to the 
whole clone a grayness similar to that resulting from strawberry mildew. 
This grayness is somewhat exaggerated by the fliat dullness of the upper 
surface of the leaves. The plants grow with considerable erectness, not to 
the extent found in witches broom^ but in contrast to the flatness seen in 
plants affected by yellows (xanthosis) or severe crinkle. 

The diseased leaves, typically found in the Marshall variety, are erect 
and folded along the midvein of each leaflet. The midveins may be some- 
what tortuous. The erectness of the leaflets persists until full length of the 
petiole is attained, then the leaflets open out to expose a flat-dull upper sur- 
face. The leaflets may now be somewhat cupped or, more often, with the 
margins turned downward. The mature leaves make a somewhat papery 
rattle when brushed by the hand. They are about normal as to color. Any 

1 Published as Teelinieal Paper No. 366 with the approval of the Director of the 
Oregon Agricultural Experiment Station. Contribution from the Department of Botany, 

2 Plakidas, A, G. Strawberry yellows, a degeneration disease of strawberry. Phyto- 
path. 16: 423-426. 1926. 

3 Zeller, S. M. Preliminary studies on witches broom of strawberry. Phytopath. 
17: 329-335. 1927. 
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observed lack of chlorophyll has been in the extreme margins. Here how 
ever, the greenness may be only slightly lighter tliaii in normal leaves. 

In some thick, dark-leaved varieties extreme “cuppiim ” results fmn, 
stunt infection. In such eases each leaflet may form a perfect cup almost 
hemispherical in outline. ^ ’ 


reticles ot diseased plants are normal in appearance, except as to leimth 
which IS from 4 to f that of normal petioles. Petioles are Let, lioLv L 
not prostrate, as they are in the yellows and yellow-edjte diseases 

Fruit from diseased plants is small and usually seedv and hard The 

roots appear quite normal. ' ’ 



affected trith tile'' straa-bervy; plant to left, bealthy; plant to tight, 

healthy Marshall strawberry'pl^ts'^'^mf*'^^ ^ 1 ^^”^ diseased Marshall to 
Ca^topkoru. strawberry-lea, aphid, 

the greenhouse, as well as 8??' “T “ 

,r.. Crosse „ n.„ed varieties s.r.wherryVtftte 

intheWilhmE^variSy" inteetion of stunt and crinkle 

were not those usually exhibited by plants'inf ^ f 1 ^ “y*teel, but symptoms 

hiteetion created symptiims rn..lhlri?krtt : "“f 

mite. When a runner from the William Belt tarsonemid 

iron, a hedthy Marshall plant the terrinafof. 7 *0 a runner 

terminal plants on the grafted Marshall 
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ruimer developed symptoms of stunt. Young plants on another runner 
from the parent Marshall developed crinkle and the latter finally showed 
crinkle symptoms. This indicates that the crinkle virus, as has been shown 
many times, may travel backward through a stolon, whereas, under the con- 
ditions of this experiment, the virus causing stunt traveled forward only 
toward the distal end of the runner. The symptoms of stunt evidently pre- 
dominate over severe crinkle in double infections, but then the stunt symp- 
toms are not typical. 

Stunt shows rather early in the spring in the Marshall variety of straw- 
berry, especially in plants infected before the current season. As a rule, 
however, symptoms in most varieties do not appear until late summer or 
fall, and then they are not readily identified. 

The disease is perhaps more closely related to witches’ broom than to 
any other virus disease of strawberry. In some varieties of the host it has 
some symptoms in common with the yellow-edge disease of England^ but it 
is not like yellows^'"’ in these same host varieties. Some seedlings resulting 
from crosses between named varieties when infected with the stunt disease 
take on a dwarfed or stunted condition much the same as plants infested 
with root weevils. The one distinction between weevil-infested plants and 
those affected with stunt may be a cupping of the leaflets. 

Doubtless the low percentage of this disease found in commercial plant- 
ings of strawberries results from eradication through roguing. Growers 
may readily observe these stunted plants and naturally hoe them out. Con- 
trol is obtained by careful roguing. 

We are proposing stunt” as the common name for this disease, and. 
even though Fragaria virus 4 has been previously assigned to strawberry 
dwarf, a disease caused by a nematode, in order to obviate confusion, stunt 
will be designated as Fragaria virus 5. For those who desire a name of the 
Holmes type. Nanus cupuUformans may be used. 

summary 

A new virosis of the strawberry, which stunts plants and causes a cup- 
ping of leaves without appreciable reduction of chlorophyll, is transmitted 
by grafting of stolons and the intervention of Capitophorus fragaefoUi. 
The common name, stunt, is used to designate the disease, and the virus is 
referred to as Fragaria virus 5. 

Oregon State College, Corvallis, Oregon. 

4 Harris, R. V. The strawberry yellow edge disease. Jour. Poiu. and Hort. Sci. 
11 : 56 . 1933 . 

5 Log. cit. 


PATHOGENICITY OP AEGIOSPOKES OBTAINED BY SELPINC 
AND CROSSING KNOWN PHYSIOLOGIC RACES 
OP MELAMPSORA LINI^ 

H . H . L 0 li 2 

(Accepted for pubiicjxtioii January 7, 1941) 

/The reactions of some of the riist-ditfereiitiatiug varieties of flax Limm 
usitahssmium L., when inoculated with aeeiospores obtained by selfino’ and 
by crossing physiologic races, were determined during a study on the inheri- 
tance of pathogenicity in the flax-rust fungus, Melampsora Imi (Pers.) Lev. 
an autoecious, long-cycle rust. Selfed cultures were obtained by the transfer 
0 pyenial nectar from one haploid infection to another, both having orio-i- 
nated from first-generation telia descended, through one or more dicarvotic 
clonal urediospore generations, from a single urediospore. Hybrid cultures 
were obtarf by fte tanefer of oeetar f,„„r . baplok mfection of coe ” e 
to a haploid infection of a second race, each haploid infection having been 

late i; eari^he?rr"cr 

An most cases the physiologic races of Melampsora lini were selfed or 
y^ 11 izec on the variety Bison, which has been susceptible to all physiologic 
races CO ec e in the field. However, in the cases of races 22 and 24 The 

NlrmT were subjected to inoculation with sporidia 

Noimal pycnia were produced on Ottawa 770 B and oh Bombay foUoW 
inoculation with sporidia of races 22 and 24, respectively. Race 22 i Z 

»e ^ >>•>«“ 

utnnli r . BomUy. The selfed and hybrid P, aecia were 

22 mi 24*™ of hybrids between races 

the parent predial cnltures, are givmktoble i*"* “ *» 

nicity to the n diteldraSSsIftnlrSaJreT” f ^*“'“**- 
eicept tor pathoeenicity to Abnolinsk ™ 

..eSp“rrttrwiCaT:tt r 

2 P Agriculture, and the North Dakota Agkfuh 

Department ofAgricultel*’^ Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 

- 862 . 
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a The race j)laeed first (maternal) is the one on whose haploid x>iistnles aecia are produced as a result of transfer to them of pycniospore-co3i- 
taiiiing nectar of the other race (paternal). 

b Minus sign indicates someAYliat less susceptibility than the letter designating the host reaction. The letters signify the following: I, iminime; 
R, resistant ; SR, semiresistant ; and S, susceptible. 
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from them. The case of the Fi hybrid 22 x 6, developed on Ottawa 770 B 
is of special interest. The aeeiospores resulting from this cross, although 
borne on Ottawa 770 B, were incapable of reinfecting either this variety or 
Argentine to both of which the paternal parent (race 6) was nonpathogenic. 
This inability of the aeeiospores to reinfect the host upon which they\vere 
produced may be considered homologous with heterocism, although occur- 
ring in an autoeeious rust. This is comprehensible, however, through a 
knowledge of the physiologic specialization of the races involved, together 
with the fact that in the Fi hybrids, between these races, the factor for 
avirulenee is dominant to the factor for virulence. 

Noeth Dakota Agricultural Experiment Station, 

Fargo, N. Dak. 



PHYTOPATHOLOGICAL NOTES 


Reactions of Napier Grass, Merker Grass, and their Crosses to Helmintho- 
spormm Eye Spot? — In another paper^ eye spot of Napier grass in 
Hawaii, eansecl by Helminthosporium sacchari (van Breda cle Haan) 
Butler, is described and mention is made of the resistance of Merker 
grass and certain selections from the crosses Napier x Merker and Merker x 
Napier to the disease. Four of these selections have been recommended as 
substitutes for Napier.^ The purpose of the present paper is to record in 
more detail the reaction of Napier, Merker, and a number of selections from 
open-pollinated Napier, from selfed Merker, and from the crosses Napier x 
Merker and Mei-ker x Napier to the pathogen. The data are presented in 
table 1 and represent a composite picture obtained from observation of nat- 
ural infection supplemented by artificial inoculation of healthy plants in the 
greenhouse. Spores of 10 isolates of the fungus were inoculated simultane- 
ously, and the tests were replicated 3 times ; greenhouse results substantiated 
and confirmed field observations, but symptoms were seldom so severe as in 
the field. 


TABLE 1. — Reactions of Napier g^'ass, Merlcer grass, and selections from open- 
pollinated Napier, selfed Merlcer, Napier x Merlcer, and Merlcer x Napier crosses to eye- 
spot disease caused hy Helminthosporium sacchari 


Plant material 

Number of 
accessions 
observed 

Accessions resistant 

Accessions susceptible 

Few spots on foliage 

Many spots on foliage 

No spots 
on stem 

Few spots 
on stem 

Few spots 
on stem 

Many spots 
on stem 

Napier 

4 




4 

Open-poll. Napier 

11 

2 

4 


5 

Napier x Merker 

11 

■■ 4 1 

4 

2 

1 

Merker x Napier 

6 

1 



5 

Merker X Merker 

7 

7 




Merker 

2 

1 

1 




Merker grass is not iinmtine ; lesions appear on the leaves and leaf -sheaths 
as diffuse, smudge-like discolorations, from which Helminthosporium sac- 
chari can be isolated. The stems are seldom affected. That this resistance 
is inherited can be seen by inspection of table 1. The nature of the resis- 
tance is not known, but it is significant that the rind of the Merker stem is 
much harder than the corresponding Napier tissue. — Gr. K. Pareis and J. C. 
Eipperton, Hawaii Agricultural Experiment Station, Honolulu, T. H. 

1 Published with tbe approval of the Director as Technical Paper No. 82 of the 
Hawaii Agricultural Experiment Station. 

2 Parris, G. K. Eye spot of Napier grass in Hawaii caused by Helminthosporium 
sacchari, (In press). 

3 Ripperton, J. 0. Disease resistant strains of Napier grass. IJniv. Hawaii Agr. Ext. 
Circ. 97. 1940. 
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Identity and Distribution of Three Busts of Corn ? — In August, 1940 
B. C. Stakman collected, as no. 143, a leaf rust of corn {Zea mays L.) at 
Tengo Maria, Peru. A part of this specimen was sent to the Arthur Her- 
barium through the kindness of John A. Stevenson. The abundance and 
uniform distribution of the uredia and the presence of minute blackish spots 
beneath the epidermis appeared atypical and led to the snspieion that the 
rust was not Puccinia sorghi Schw., although so labelled. Upon sectioning, 
the blackish spots were found to be subepidermal, indehiscent telia (Pig, l' 
A) with irregular and usually angular, chestnut-brown teliospores measur- 
ing 19-27 X 29-41 p. The apical w'all of the spores was only slightly thick- 
ened, in contrast to the much thickened apex of the teliospores of P. sorghi 
(Fig. 1, B). Mesospores were present in abundance. The urediospores 
were yellowish or golden, with 4 or usually 5 rather indistinct equatorial 
pores, and measured (21-) 23-29 x 29-36 p, thus longer than those of P. 
svrghi (23-29 X2&-32 p). Such morphological features excluded P. sorghi 
rom further consideration, but indicated clearly that the rust was Puccinia 
polysora Underw., a species not previously reported as parasitizing corn. 

A careful revierv of the material deposited in the Arthur Herbarium as 
Puccmm sorghi demonstrated that the Peruvian record was not unique. 
The oldest specimen of P. polysora on corn at my disposal is Parlow’s col- 
lection from Newton, Mass. This was issued by Ellis in his North American 
Fungi no^ 268 as P. aorpM No collection date appears on the label, but 
Century III was issued in 1879. In addition to the specimens cited from 
eru and Massachusetts, there are also specimens on corn in the Arthur Her- 

iCr-rr Georgia (Barth., N. Am. 

Tire ■ ? P G’^atemala, Mexico, Mississippi (Barth., N. Am. 

* Tr . ^07 gU)^ Panama, Puerto Eico, and Texas. The species 

bv Keutml aTth^^ Schrad.) in Guatemala 

b> Kelleiman, although previously also considered to be P. sorghi 

izationror b?tr”"' T the published character- 

izatioiis or in the recorded general distribution of P. sorghi 

though Puccinia polysora presumably is heteroecious, there are no 

SsTribSimi it™^^ the 

is not oblieatdU hT"'®' f™sh any clew. The rust probablv 

not obligately heteroecious in all of its range, but might looicallv be 

expected to complete its cycle in the northern areas! lo^icallj be 

A third rust {Angiopsora zeae Mains) of corn is somewhat similar in 
diff'^hi thaT theVaJe smaller a6'20 x 

nearly colorless ‘ Tn T. 7r i V ^ ^ ^ echinulate, and 

niiiceilular teliospores (Pig^rcrare’ 1 separable because the 

2 spores. ^ catenulate m sessile chains of usually 

Botany, Pu.due IlniverBity Agricultural 
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Fig-. 1. A. Puccinia polysora Uiiderw. ; photograph of a free-hand, unstained section 
showing the indehiscent, subepidennal sori and the angular, thin-walled spores, whidi 
distinguish this species from Puecinia sorgM: (From Stakman no. 143.) x 800. ^ hJ. 
Teliospores of Puccinia sorghi Schw. (From type.) x 800. G. Angiopsora zeae Mams ; 
photograph of a free-hand, unstained section of a telium showing the subepidennal position 
and the catenulate, 2 spore chains characteristic of this rust. (From type.) x 650. 

Perhaps JLngiopsoTd zeae could occur as far north as the United States, 
but it is known only from Guatemala, Puerto Rico, Santo Domingo, and 
Trinidad.-— “George R. Cummins, The A.rthur Herbarium, Purdue Univer- 
sity Agricultural Experiment Station, Lafayette, Indiana, 

(Jofitpol of iy(ifyipi'yig’~ojf_ of BTOddlcaf ISocdlifigs, In the study of danip- 
ing-off of broadleaf seedlings in Federal nurseries of the Great Plains region, 
the writer has investigated the effect of rotation and previous crops on the 
control of the disease. Bhizoctonia solani Kiihn and Pyihmm 
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Trow, were the most commonly identified fungi causing damping-off of the 
broadleaf species. 

In both field and greenhouse tests damping-off of broadleaf seedlings was 
usually more severe following legumes than when cereals were grown as 
preceding crops. Corn, wheat, and oat soil have given the least damping- 
off among cereals. This agrees with the findings of Coons and Kotila^ that 
cereal rotations, particularly corn, gave a lower incidence of damping-off of 
sugar beets than legumes, such as alfalfa and sweet clover. 

Chemical analyses for soluble nitrogen in the form of nitrate nitrogen 
by the phenoldisulphonic acid test, showed that the trend of damping-off 
increased directly with the nitrate content of the soil. For best results 
agronomic crops should be turned tinder at least one month before the broad- 
leaf seed is sown. No analyses for total nitrogen, nitrite, or ammonium 
nitrogen were made, since variations in these are not readily detectable. 

Means of decreasing or tying up the soil nitrates by the addition of vari- 
ous materials to soil were also tested. The most outstanding reduction in 
damping-off was obtained by the application of glucose to the seed bed at 
the time of sowing. Preliminary field tests with American elm {Vlmus 
americana L.) in a sandy loam soil gave a final stand of 293 per cent on the 
glucose-treated plots as compared to the untreated checks. Soil analyses 
made two weeks after treatment showed that nitrate nitrogen had decreased 
markedly. The seedlings grown on the glucose-treated plots, however, were 
somewhat stunted at the end of the first growing season. Similar treatments 
of silt-loam soil were less successful. 

_ Hartley^ early pointed out that damping-off of pine increased directly 
with lUCTease in soil nitrogen. Young, Davis, and Latham® later found that 
ammonium compounds, as well as nitrates, increased the damping-off hazard 
for conifers. The decrease in nitrate nitrogen following treatment of the 
soil with sugar also helps to explain the earlier success reported by Hartley 

and Pierce^ from the application of sucrose to coniferous seed beds in Mid- 
west nurseries. 

The application of sugar to the soil probably accelerates the growth of 
soil orpnisms, including fungi, which rapidly consume or bind the nitrates 
until the carbon supply is depleted. The virulence of the damping-off para- 
sites is apparently affected and damping-off losses are reduced. Details of 
these tests on the control of damping-off broadleaf seedlings will be pub- 
hshed later^ERNBST Weight, Associate Pathologist, Division of Forest 

Pathology Bureau of Plant Industry, IJ. S. Department of Agriculture, 

Lincoln, Nebraska, in cooperation with the University of Nebraska. 

sugar Tjeets.’ (' Ateact) ^hyto^ath.^^ 19^3^ preceding crops on damping oft of 

in forest nurseries. U. S. Dept. Agr. BuU. 934. 

conifers. (AbstSy PhytopSh^^lvf 144.^ 193^’ Control of damping off of 

lings! ^DSeptAgnBuf 4h3^*M^^^ aamping-off of coniferous seed- 


REPORT OP THE 1941 ANNUAL MEETING OF THE PACIFIC 
DIVISION OP THE AMERICAN PHYTOPATHOLOGICAL 

SOCIETY 

The twenty-fifth annual meeting of the Pacific Division of The American Phytopatho- 
logical Society was held at the California Institute of Technology, Pasadena, California, 
from June 18-21, 1941, in conjunction with the regular meeting of the Pacific Division of 
the American Association for the Advancement of Science. Pifty-two members registered 
and 29 volunteered papers were presented at 4 half-day sessions. Wednesday morning was 
devoted to a symposium on ^ ^ Micronutrient deficiency diseases of plants’’ with the Amer- 
ican Society of Plant Physiologists, American Society for Horticultural Science, and West- 
ern Society of Soil Science. On Thursday night the society held a dinner with entertain- 
ment provided by the membership. Saturday was devoted to a field trip under the direc- 
tion of K. P. Baker, and diseases of citrus, truck crops, and ornamentals were observed. 

OfS-cers of the society for the ensuing year are as follows: President, E. B. Streets, 
University of Arizona, Tucson; Vice-President, L, D. Leach, University of California, 
Davis; Secretary-Treasurer, 0. E. Yarwood, University of California, Berkeley; and Coun- 
cilor, J. Giddings, U. S. Department of Agriculture, Eiverside. 

The next annual meeting is scheduled for Salt Lake City, Utah, in June, 1942. 

Titles and abstracts of papers presented at the meeting follow. 

C. E. Yarwood, 
Secretary-Treasurer 

Failure of Bose Bud-unions Caused hy Chalaropsis Kenneth P. Baker 

and H. Earl Thomas. — ^During the dry summer months of 1940 Chalaropsis ihielavioides 
largely prevented successful union of rose bud shields with Manetti and Odorata rootstocks 
in commercial fields in the Santa Clara Valley of California. In repeated trials, the buds 
quickly were killed and blackened with only limited discoloration of the rootstock. Pun- 
gous contaminants quickly obscured the pathogen which was found to be identical with 
that causing graft failure of rose in New York. Peyronel’s Chalaropsis from lupine, 
Hamond ’s walnut strain, and Bliss ’ Ceratostomella from date roots were non-pathogenic 
to Manetti stems. In laboratory tests the rose strain was pathogenic to stems of Bosa 
odorata, B. chinensis var. Manetti, B, multiflora, B. longicuspis, B. nufkana, B, calif ornica, 
B. gymnocarpa, sweet cherry, peach, almond, black and Persian walnut, pear, and Prunus 
mariana, and grew slightly on orange and quince stems and TJlmus pumila roots, but stems 
of B* laxa, apple, and numerous collections of the Bagged Eobin rose were immune. Bosa 
odorata is the most susceptible rootstock, followed by Manetti and B. multiflora. The dis- 
ease is not known in southern California, where roses are largely of the garden type grown 
on immune Eagged Eobin rootstocks. Because practically all California-grown rootstocks 
are budded before shipment, the problem is distinct from that in the east. 

Artificial Inoculation of Plants with Armillaria mellea.- — Donald E. Bliss. — ^Infec- 
tion with Armillaria mellea was obtained only by means of rhizomorphs that were attached 
to a suitable substratum. Detached rhizomorphs were non-infective. "When pure cultures 
on nutrient agar, bran, and wood were placed in soil about normal citrus roots, infection 
resulted only from the woody inoculum. Disease transmission was obtained both from 
naturally and artificially infected wood. Best results were obtained from pure cultures 
grown on sterile segments (20 cm. in length and 3-5 cm. in diameter) of citrus roots, the 
potency of the inoculum depending upon adequate food reserves in the wood. Ehizomorphs 
of A. mellea developed in soils differing widely in type and reaction— in such soils as peat 
moss (pH 4) and sand (pH 8), for example. The rhizomorphs penetrated rotted, non- 
sterile manure, but apparently did not attack it as a source of food. Within 12 months, 
rhizomorphs grew to a depth of 67 cm. in sterile glucose-potato agar; but, when air was 
excluded from the surface, growth stopped immediately and the fungus died. Triohoderma 
Ugnorum suppressed the growth of A. mellea on agar but did not destroy it in wood after 
a pseudosclerotium had formed. Schinus molle (California pepper tree) was infected 
after 71 days in relatively moist soil at 20® C. 

Studies on Peach Viroses in Idaho. — ^Eable C. BLonaETT. — ^A peculiar peach disease 
reported in Idaho in 1938 has been named ^ ^ wart. ’ ’ Symptoms are characterized by warty 
out-growths on the fruits, particularly near the stylar end. No tree or foliage symptoms 
are recognized. When buds from warty trees are placed on healthy trees, the fruit on the 
stock shows the disease. Additional work is under way, including host range and varia- 
tions in symptoms on peach known as smooth wart” and '/crease wart.” A peach dis- 
ease characterized by a mottle pattern of the foliage has been known in Idaho since 1939. 
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The disepe is regarded as different from mosaic and is called peach niottie. BuddiiiP- 
tests indicate that mottle is easily transmitted from diseased to healthy lyeach and biirlf 
from mottle peach trees placed on healthy Bing cherry cause a disease similar to cherrv 
mottle leaf. Limited trials also show that when buds from diseased ])each are set on 
healthy Montmorency, the trees exhibit severe dieback of euri-ent growth. A peach dis 
ease, common in Idaho orchards, causing yellowing of foliage ami usually attended bv 
necrosis of irregular areas of leaf tissue and finally defoliation, is reirarded as a vIvaZ 
similar to the X disease. ^ a > vnosis 

The Effect of Alumimm on the Deposition of Copper on Cucuniber Leaves and on Pro 
tectwn Agmnst Peronoplasmopara cub ensis^ James F. L. CHiLDS.—Particulate 
fungicides were found to have their negative charge replaced by a positive char c^a hl fil 
presence of aluminum nitrate. The fungicidal action of fungicides sprayed on plant su- 
faces indicated that increasing amounts of aluminum nitrate added to co])])er i hosnliate 
and 3 propnetary cuprous oxide (Cuproeide) suspensions increased their protVetivF 
capacity against Peronoplasmopara cuhensis, the downy mildew of cucumber The n X 
tective action of graduated concentrations of aluminum nitrate in distilled watm* showed t 
coiielation of protective capacity with aluminum nitrate concentration against P cubeyi'^iH 
similar to that exhibited by the euprocides and copper phosphate. Colorimetric analv^i^' 
iiidMated that on encumber leaves the deposition of h.ppel phbphate and CnmlXdde llilio 
(acid suspensions) was decreased in the presence of aluiiiiiiuiii nitrate, but the deposition 
of Cuproeide H-161 (alkaline suspension) was not affected. These data are believed To 
indicate that the increased protective capacity conferred by alumiiiiini nitrate on the 

fo“thT fftt of rTLntt nUr te tha i 

to the effect of the aluminum nitrate on the charge and consequent deposition of +i « 
fungicide particles on the cucumber leaves. coiibequont deposition of the 

UnPioT"" «« Peac}i.-L. C. Cochean and Lee M Hutchins -Tu 

o1 J H Hkfe'afdMtTEinr^?'^^ the authors > attention to orchard peTTh tree 

variously showed rings, yellow spots, and chlorotic patterns ‘ Iii mTT Tqai ** 

spots, and mottled pattern like th^e seen hi the orehlSreeV hribloTlm 

tests from widely separated localities have fleTnAncffAf leaves. Other transmission 

stone fruits in California capable of produdiirrfnf spotsb^d stn®® “ 

parable to those described here. ^ ^ mptoms in peach com- 

moscS-r P.^DANTASe'^rialw^^^ fo? m Fariatics of Cucnrliia pepo and C. 
misoellaneous strains received through tSV^S^SivkiTT and abroad and 

duetion were exposed to natural infect m! L™ Exploration and Plant Intro- 

Hermiston, Oregon. Tesrplotewerec^^^^^^^ *°P ? Field Station, 

AgricidtureandtheOregon^Experim^nT^^^^^^^^^ S- Eepartmmit of 

to curly top was general in varieties in the PattT ^ j susceptibility 

of C, pepo. Sesistance was evident in Long White Crookneck-Straightneck groups 

rows and Big Tom pumpkin. Otherwise hitermedi^te t vegetable mar- 

of the vegetable marrow, fall, or individual aTd wfuw general in varieties 

strong resistance appro Wg most var Very 

varieties of C. ^oscLta. Oifly“r 7 eaL and Tmflf ^l^^i'acteristic of all the 

insolation did injury from curly top annesTir+J ^ conditions of drought and high 
possible relationship between strong resmtance and suggestive of a 

blooming or long-season habit of vSeVrtlS spedes l"*®' 

J- Klotz and J. C. 

ing. Nitrogen starvation shows in general vellowiuT A girdling and drown- 
leavos retain green veins until late stages of Ilbesce^ ^ i chlorosis yellow 
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the following: gimi-poekets at leaf nodes; resinous excrescences on twigs and on elongated 
leaves and fruit; gum in angles of fruit segments ; multiple buds, staghorn growth, S-shape 
terminals. leaves have irregular yellowing between lateral veins ; severe 

cases bear undersize leaves, pale, coarse fruit, multiple buds, dieback. While similar in 
jiattern, manganese deficient leaves are full-size, light-green between veins, frequently bear- 
ing small, circular, clilorotic spots. The green wedge along midrib of chlorotic leaf and 
green tip, said characteristic of magnesium deficiency^ also has been attributed to excess 
manganese (spray), seasonal nitrogen deficiency, certain calcium-magnesium ratios ; veins 
may split. Boron deficiency kills terminal twigs, splits bark (resembling psorosis B), 
makes translucent areas in young leaves, curled, brittle, brownish-green, mature leaves 
with split, corked veins on upper surface, flowers-fruit abscission, fruit with longitudinal 
fissures in rind surface, gum in albedo, core, angles of pulp segments. Excess horon causes 
golden yelloAving and dying at leaf tips and margins, circular resinous spots on dorsal 
surface. 

Resistance of Citrus Tissue and Fsorosis Virus A to Heat. — IT. S. Fawcett and L. €. 
CocHEAN.^ — In 5 separate trials from 1936 to 1940, Valencia orange twigs with suitable 
buds for propagation were immersed in water and held at different constant temperatures. 
Part of these were from trees affected with psorosis A, (Citrivir psorosis var. vulgar e) and 
others from virus-free trees as cheeks. The buds were then placed in virus-free nursery 
trees. Seventy-five diff’erent tests wdth inoculations into 450 nursery trees were made, be- 
sides 40 tests based on observations of 240 sticks, buds from which were not placed in trees. 
Young leaf symptoms in the test trees were used as a criterion of virus transmission. A 
temperature-time curve for resistance of citrus tissue to heat wTiile immersed in water has 
been approximated. This curve for psorosis-affected tissue passes close to 60° 0. for 1 
minute, 55° for 5 min., 50° for 1 hr., and 45° for 10 hr. In only 3 trees among 130, in 
which psorosis buds lived in the 1940 experiment, have leaf symptoms failed to show. It 
is thus indicated that this method will be of no direct practical value. Virus-free bud 
sticks appeared more heat resistant than psorosis-affected ones. In 40 tests, including 240 
bud sticks in each of the two lots, 97 psorosis-infected and 79 virus-free were killed. 

The Effect of Fhosphorus Nutrition on Concentration of Tobacco-mosaic Virus. — S. 
Feiend. — The influence of phosphorus nutrition on virus multiplication in Turkish tobacco 
plants was studied by growing them in nutrient solutions containing different levels of 
phosphorus, but wdth a relatively high nitrogen supply. The amount of phosphorus, nitro- 
gen, and potassium absorbed by the plants receiving all elements essential for growth in 
the nutrient solution was controlled. The plants w^ere inoculated in the 4-leaf stage with 
tobacco-mosaic virus and the juice from plants harvested 12 to 22 days following inocula- 
tion was assayed for virus concentration. Under conditions of high nitrogen nutrition 
there is a definite range of phosphorus concentration wTiere this element becomes a limit- 
ing factor in the multiplication of virus. The increase in virus concentration showed no 
correlation with the amount of growth of the host. 

Curly-top Resistance of Sugar-beet Plants as Influenced by Age. — J. G-iddings. — 
Replicated plantings of one susceptible and one resistant sugar-beet variety were made 
at 3 dates approximately a month apart. The plants in one half of each plot of each 
variety were inoculated about 1 month after the last planting was made. The other half 
of each plot was held as a noninoculated check. Curly-top readings were made at ap- 
proximately weekly intervals. Tw^o months after inoculation the resistant variety U.S, 22 
showed about as mucli curly top as the Old Type variety in the January planting, about 
i as much in the February planting, and about i as much in the March planting. The 
variety U.S. 22 showed a pronounced tendency to recover from curly top, while recovery 
was much less evident in the variety Old Type. The older beets were far more resistant 
in each variety, but the older plants of U.S. 22 showed a much greater increase in resistance 
than those of Old Type. 

Histological Studies on the Relationship of Dodder to Healthy and Curly -top-inf ected 
Sugar Beets and Tobacco. — C. F. Lackey.— Bennett found dodder occasionally capable of 
transmitting the curly-top virus from infected beets and tobacco plants to healthy ones. 
This would involve a close relationship with the host^s phloem in which Bennett found the 
virus to occur. So far as has been observed dodder haustoria on healthy beet petioles go 
straight to the phloem tissue. Subsequently if conditions are favorable for growth the 
haustoria make connections with that of the xylem of the host plant. When a beet plant 
becomes infected wdth curly top, degeneration of the phloem sets in. It has been observed 
that in cases of severe necrosis the haustoria of Cuseuta calif ornica did not reach the phloem 
tissue. These haustoria were stopped in growth and often appeared to be walled off. 
However, in view of the fact that transmission of the virus from diseased to healthy plants 
was effected in a few cases, it may be that the haustoria occasionally did make connections 
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with the diseased phloem. The haustorial strands of Ousauta calif ornica on healthv tnhn.,.. 
were found connecting first with the outer and inner phloem. With 
plants the outer phloem degenerated, and cavities were formed between the oufer nhW 
tissue and the rest of the vascular ring. This prevented the dodder haustoria from nr 
contact with the main part of the ring. irom making 

PA, development and Spread of Fierce’s Disease of Grapevines.—Mfu B HEWiTm 
Pieice s disease of grapevines, reported transmissible by grafting in 1938 amieorT ’r" 
the same as that named the Anaheim or California vine disease.^ This maltdv 
reported in Southern Cabfornia near Anaheim and North Pomona in 1884 • bv ISbl^A 
spread to most of the southern California vineyards and destroyed nearlv’ 30^000% 
vines. During this time the disease was reported in Napa Livermore nud 
mento valleys, but was not so destructive as in the soutLrn part of the S to ^ T^^f a®'" 
spread death of vmes in the Santa Clara Talley from 1887-1901 was 4ohtw^ 3 .i *1®' 
the same disease. The San Joaquin Valley anparentlv rpmqinpd 

grapevines has recently been found in most of the vineyard ^stots in t^e^State 

ing their entry into roots The fepdint? ■nT-A/>£i ^ surface and continue dur- 

stylet tip into ISn^Tperiod of of the 

or longer period of sucking out celf contents ^vlrf and an equal 

walls. Cells are destroyed chiefly by entry of a^n^^^^ no visible holes in 

andthewallhassubsequentlybeenwLEhvt?™?.^ ^ ®®“ ^o®'! fe*! “ 

tode larvae (Seterodera marioni) may feed repeatedly in vm^!? I^oot-knot nema- 

cells, destroying some, and they feed ■nprc 3 i<a+<£>+i'tr ^ epidermal and dermatogen 

permanent sites. Meadow nemltode^fPraMenlL'^^^^^ mtereellular migration to their 
reniform nematode (i 2 . reniformis) feed , Itotylenchus erytUnae, and 

tive intraeeUular peLtrSn to of t5i«" 

m..l rarat,l.„i^ „4 |.,ai.g A.’JSlSonZtS “bSL'S”"" 

colloiM bat 3utod wwe Ilford.— T he 

lent of 39 per cent, and wilting weffleient near 28 fpf soil ^th a moisture equiva- 
moistures of 23.8 and 25.6 per cLt Mo!?;.™!? I ®®“*- ^Sgs died at soil 

a little slow hatching but with embryo develn-nmA-^f cent, with 

later transferred to water. Half way up to the hatching when 

gressively more rapid: then, to 45 per ;?ot it Lf ® equivalent, hatching was pro- 
Tomato and eowpea were grown short periods from*?!!,- shallow water, 

infested soils at pre-adjustfd moistme coSs XteXrf?®' 

watered after planting. Pew or no larva? Sed a. ®-“d not 

mg percentage. With increasing wetness to som™h!?^^n roots growing near the wilt- 
mtensity of infestation and severity of root inimvT?!! ^5'"® ^^®, equivalent. 

Still wetter soil. mci eased greatly. Both declined in 


Maeshak and William N. Taeahashi.— a nuSie? ?f Zfe ^ J'll X-raj/s.—ALFEEi 
both inorgamc and organic colloids are procitoted bv^lt that 

charged and not when negatively chargld^ T??!!!- ^ ^^®“ are positively 

shown that the sensitivit| of ^omofois "5.® ®®“®^ 

positive charge on their surface by treatmA-nf tx 7 ;+ti reduced by removing the 

(pli ....2) of their isoelectric point, where thp that on the acid side 

are more sensitive to inactivation by X-rays th^ on v Positive charge, they 

!, •• 1 ^'at, since the virS mrtil! PH’s 4 5, 6 

aSt t f/IS Z 
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Crown Bot of BJmharb Caused by Bythium spp . — John T. Middleton. — ^R hubarb, 
grown in tlie vicinities of San Francisco and Los Angeles, is subject to a fungus decay 
in whieli the roots, crowns, buds, and x^etioles may be affected. When roots are infected, 
the jjlants are usually small and somewhat chlorotic, producing few marketable petioles ; 
such plants often die, though occasionally they recover. Plants with infected crowns are 
most seriously affected, the crowns becoming soft and water-soaked. Infection progresses 
from the crown to the bud scales, ultimately infecting the petioles and blighting the young 
shoots. Petioles pulled from x>lants with infected bud scales often decay in transit, 
spreading the infection throughout the container. Bythium anandrum, P. oUgandrum and 
B. ulMmum have been isolated from diseased plants. Each species is capable of causing 
the disease independently, producing identical symptoms. Although each species upon 
inoculation is able to cause damx>ing off of rhubarb seedlings, P. ultimum is most patho- 
genic. 


Boot Bot of Barley Caused by Bythium hypogynum n, sp . — John T. Middleton. — A 
root rot of barley observed in Missouri caused damage in areas with poorly drained soils. 
The roots of infected plants were discolored and frequently flaccid from eorticular decay. 
Shoots were usually stunted and chlorotic in appearance. Plants, infected but not killed, 
rarely stooled or produced heads. An undescribed species of Pythium was consistently 
isolated from infected roots and proved pathogenic upon inoculation. The following is a 
specific diagnosis : Bythium hypogynum n. sp., mycelium non-septate when young, irregu- 
larly septate when old, measuring 1.5 to 8.3 p., average 5.1 p in diameter. Sporangium 
terminal, rarely intercalar, spherical to subsplierical, smooth- and thin-walled, measuring 
6.5 to 34.6 p, average 22,1 p, in diameter, sporangium germinating by means of germ 
tubes or zoospores. Oogonium terminal, spherical to subspherical, smooth- and thin-walled, 
measuring 10.2 to 35.1 p, average 22.0 p in diameter. Antheridium hypogynous, single, 
delimited within the oogonial stalk at a distance varying from 5 to 30 p below the oogo- 
nium; antheridial cell small, 2,8 to 8.3 p, average 5.4 p, wide, 3.0 to 11.1 p, average 6.6 p, 
long, supplied with a tenuous fertilization tube that just penetrates the oogonial wall. 
Oospore pi erotic, smooth -walled, containing a single reserve globule and a prolate ellip- 
soidal or flattened refringent body. Oospore germination not observed. 

Bhytophthora Bleeding CanTcer of Quereus agrifolia. — ^P. A. Miller. — ^Bleeding canker 
of the California live oak (Q. agrifolia) was first observed in California in the Los Angeles 
area in the spring of 1938. It has since been found in the adjacent areas of Pasadena, San 
Marino and has been reported from Santa Barbara. In 1939 and 1940, Howard and Caro- 
seUi described a bleeding canker of maple trees in Rhode Island. Beech, elm, and oak 
trees in the eastern coastal section of the United States are also now known to be affected. 




Active cankers appear as oozing bark fissures at the root crown and upward at intervals 
on the trunk. These '^bleeding’’ bark cracks indicate the location of fluid-filled, inter- 
connected developing cavities in the underlying inner bark, cambium and sapwood. The 
consistence and color of the fluid varies from a light brownish water to a thick reddish 
brown ooze, depending upon the extent of necrosis, decomposition, oxidation, and dehydra- 
tion of the infected tissues. It dries to black, tarry, or crystalline masses in old cavities 
or on the bark surface at the exuding cracks. Artificial inoculations of Q. agrifolia and 
Q. uirginiana with a species of Bhytophthora isolated from infected sapwood produced 
characteristic lesions. Bark tracing as a means of control is ineffectual. 

Vitamin B^ and the Development of Cantaloup Bowdery Mildew . — ^Dean E. Pryor. — 
Recently, certain preparations containing vitamin Bi have been recommended as a control 
measure for cantaloup powdery mildew, the assumption being that a more vigorous grow- 
ing melon plant is resistant to mildew. In connection with other work, the effect of 
thiamin on race 2 of Brysiphe cichoracearum has been studied using as a host excised leaves 
of No. 45 cantaloup in Petri dishes and plants of the same variety growing in soil. With 
dishes the results indicate that 2 days after inoculation vitamin Bi caused a statistically 
significant stimulation of mildew. The significance of this increase was transitory although 
the trend was maintained for some days after inoculation. In the soil experiments there 
was no statistically significant effect on growth or on the disease, but here, as with the 
dishes, the treated plants tended to develop more mildew. From these preliminary results 
it would seem that thiamin offers little possibility for control of cantaloup powdery mildew. 

The Beaction of Cantaloup Strains to Bowdery Mildew. — ^Dean E. Pryor and Thomas 
W. Whitaher.— The reaction of cantaloup strains to race 2 of Erysiphe cichoracearum 
described herein was studied primarily under greenhouse conditions. Symptoms exem- 
plified by the infection on plants in an Fa population were grouped in_5 classes depending 
upon extent of mycelial development and degree of sporulation, 0 to 4 indicating the range 
from absence of mycelium to vigorously sporulating mycelium entirely covering the leaf. 
Some plants showed a faint yellow spotting to a definite severe necrosis, generally with 
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mycelial production restricted or absent. Strains of cantaloup have been isolated tliat con- 
sistently have a 0 reaction, but light, to pronounced spotting, the severity of which seem 
to be genetically controlled. Other lines vary in reaction from 0 to 2, which implies that 
some factors for resistance are still segregating. Cantaloup No. 4.5, highly resistant to 
race 1 of the fungus, does not seem to differ in reaction to race 2 from ” Hale ’s Best an 
older variety very susceptible to both races of the pathogen. Since some plants in lieavilv 
inoculated, segregating populations remain entirely free of all inacroscopically visible 
mildew symptoms, there is hope of isolating even more resistant strains than 'are 
employed in the breeding program, ^ ^ -ut now 

Tomato Plant Populations in Eelation to Curly-top Con/roL—MiCHAEL Shapovalov 
H Loran Blood, and R,oy M. Christiansen.— Approximately 3,560 tomato plants ^aie set 
pel acie 111 Utah with the customary 3i-ft. spacing between the hills. Severe outbreaks 
111 curly top often reduce this number by more than 50 per cent. In the experiments em- 
dueted over the past o years the writers modified the traditional planting density bv 
setting ^ plants in each hill and by reducing the space between hills. Invariably the^pe/ 
ceutage of curly-top-affected plants was lower and the yields higlier with auadnrnlp 
populations than with either the cheeks or doubled populations. Tlie reduction in the per 
ceutage of diseasein the densest plantings varied from 4.4 to 30.0 per cent and the incre-mp 
in yield from 2.9 to 9 6 tons per acre. With a given number of pllnts per f ? 

mnrf‘ T'T curly top was obtained with 2 plants per hill than with singk-p] ant hills 
moie closely spaced; however, the yields tended to be higher with single-plant hills Tli! 

si'y.ivc.sjr* •• As 

"t Through Infection wUh a Spore-forminq Bao- 

of the infection. They were followed bv dminf Am-n+rn ? I i appealed to be symptoms 
be detected in the smfe™ keSLs of “0” conld 

healthy insects contained mLshaWe amounts’ of titatf “^tracts 

showed very little, if any nitrate SH<rl,t of the infected insects 

were insufficient to account for the' loss of nitrate' latter 

positive rod, forming spores in the “G” is a large motile Gram- 

cally in the presence^of either nitrate^r iiitrite^mva°ni‘n it can grow anaerobi- 

ing ehitin. ^ >““ber of organic substances, includ- 

inactivating tobacco moLie vTriJ^lSs'bera^Sr^W substance capable of 

yeast by autolysis and by autoelavffig Its conimereial brewer’s and baker’s 
room temperature, and its activity appears to hMv o r is instantaneous at 

The multiplication of virus was retarded in iiioculfto f N®®,* t® its concentration, 

in a solution of the inactivator. However when plmftf w!f Petioles 
addition of the inactivator to the nutrient solution t Sr®wn in sand culture, the 
vator can be partially purified bv filteihA ^ ^ P''®vent infection. The iiiaeti- 

readily soluble in water and is further purified white precipitate is 

lead acetate. The active substance is Lat^stab^J a!iT thl* solution with safraniu or 

gives negative results with protein tests iAnni “®t »» enzyme. It 

by heat-denatured virus. ’ ^^Tpsin, and is not adsorbed 

BuclcsTcin Pisease of Stone Fruits tt a m 
strains of the buckskin virus that produce di*«?tinr^f^ Thomas and T. E. Rawlins. — Twm 
symptoms in Orange Cling peach but anpar^tN d* similar 

recovery of affected peadi ^efons 5 Suf thm 

I l’’ade and lateral vems o?neacl? ‘ myrobalau roots have 

1 ytard the appearance of symptoms. The virus is sblnTn accelerate 

thiough a short piece of leafless myrobalan stem sna « peach to peach 

steins with oaves attached. BreakdLn in tte Xoem^nfnff apricot and P. davidiana 
siimlar to that described by Quaniar and others fn + affected peach and cherry ig very 
I’®acb tree in the orchard may SI sym£g p" l°e/*® ^ branch or entire 

“ ^“*0^ yoars. ^PlSerlof infeltefl®”® the following year, with 
taidcd, but, in some varieties, are distinctly reduced in^sfzll are not only re- 
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Bonlraux Jncirase^^i Water Loss from Inert Surfaces. — C. G. Weigle. — Uniform-size 
disks of Xicotiana f/lufieomi .l(‘;ivcs were paired and killed by steaming. One member 
was sprayed with watta-, the other with an equal amount of 1 per cent Bordeaux mixture. 
After drying the surfaces, subsequent water loss was measured by weighing. Of 194 
weighings of such i)airs under varying environmental conditions 174 showed that the Bor- 
deaux-treated disks lost wat(‘r more rapidly than the control disks. The average ratio of 
loss from the I-h)rdea,ux-treated surface to the rvater-treated surface was 1.42. Similar 
sprays rvere a}»])lied to paired tlisks of thin waxed paper that, after drying, were placed 
on nioist filter paper. Sul>sequeiit weighings showed the average ratio of loss from the 
Bordetuix-treated to the water-treated was 1.61 with 8 pairs of disks. A small hole was 
pierced in heavy waxed pa])er disks. One disk was sprayed with water, the other with 
Bordeaux. After drying, these were floated on water that seeped through the hole and 
spread over the eiitiia^ surface of the Bordeaux-treated paper. The control remained dry. 
Water, dro]>])ed on dried Bordeaux-sprayed Mriohotrya leaves, covered 4 times the measured 
area than on dritul ■\vater-s})rayed leaves. Thus, it is indicated that capillary properties 
of dried Bordeaux may hv inqjortant in interpreting these results. 

StimnUitori/ Aetwn of Egg Yolk in the Culture Medium on Conidia of Powdery Mil- 
deivs. — C. E, Yar'WOOD. — Hens ’ egg yolk, dissolved in 0.1 per cent potassium hydroxide, 
was the most stimulatory substance tested for increasing the percentage germination and 
germ-tube length of tlie conidia of the powdery mildews of barley, bean, rose, live oak, 
sunfloAver, California imppy, clover, evonymus, peach, cucumber, grape, lilac, and apple. 
Increases in percentage germination and germ-tube length, due to egg yolk, varied from 
slight to infinite, since in many tests the conidia without egg yolk failed to germinate. 
The optimum medium consisted of about 0.5 per cent egg yolk and 2.5 per cent sucrose 
in 1.2 per cent agar. Barley mildew showed the best response to egg yolk and yielded 
germ tubes averaging 150 p in egg yolk cultures, while control cultures yielded germ tubes 
averaging 25 p, but tlie greatest absolute length of germ tubes observed in agar cultures 
was Avith mildew from live oak. Otlier substances found stimulatory to poAvdery-mildeAA^ 
conidia were alkali extracts of dried barley leavesy ^ows’ milk, rabbit blood, rabbit liver, 
iron sulphate, cop)per sulphate, and broAAUi sugar. Dilute copper sulphate or Bordeaux 
mixture, applied to bean leaves before inoculation, increased the subsequent development 
of powdery inildeAv on these leaves.. 

Evaluating Sulphur Fungicides for the Control of Downy Mildews.— Q.E. Yarwood. — 
On dusted glass slides sulphur dust (Flottox) inhibited the germination of the sporangia 
of the doAvny mildews of ho]) and snapdragon in AA^ater suspensions, but AAns apparently 
not toxic to the s]x)rangia of the doAvny mildeAvs of onion and lettuce. On agar plates 
sulphur Avns toxic to the sporangia of the doAvny mildews of hop, cucumber, snapdragon, 
and onion, hwi not to tlie sporangia of lettuce mildeAV. On leaA^es in moist chambers, 
sulphur inhibited the germination of the sporangia of snapdragon inildeAV but did not 
markedly inhibit germination of sporangia from cucumber, onion, or lettuce. IIoAvever, 
sulphur-dusted i>lants Avere ])rotected from artificial infection A\fith the downy mildcAvs of 
hop, cucumber, smipdragon, and lettuce, but not Avith onion inildeAV. It is concluded that 
sulphur dust has protective value against certain doAvny mildeAvs, and that germination 
tests are unrelialile in evaluating sulphur fungicides. Sulphur dust afforded marked pro- 
tection from hop doAvny mildcAv at 4*^ C. and from snapdragon rust at 7° C., AAliich are loAA’'er 
temperatures than those at Avhich sulphur usually is considered effective. 
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HOPEAT PEOPBSSOR DR. GUSTAV KOCK + 

Doze k t D r . I n g . H a h s Steiner 

Am 28. Jiili, 1939, ist Hofrat o. o. Prof. Dr. Gustav Kock auf seinem 
Landsitz in Spital am Semmering, kaiim 60 Jalire alt, einem Sehlaganfall 
plotzlieli erlegen. Kock war seit dem Jalire 1930 Vorstaiid der Lekrkanzel 


GDSTAV kook: 

fiir Pkytopatliologie an der Hocbsehnle fiir Bodenkultiir in Wien, naclidem 
er vorher dnreb 25 Jahre an der jetzigen Biologisehen Reicksanstalt fiir 
Land- xind Porstwirtscbaft, Zweigstelle Wien, tatig war. Auf seinem 
Arbeitsgebiet hat der Verstorbene in nie ermiidendem Bifer eine ungemein 
reiehhaltige und vielseitige Tatigkeit entf altet. Daher ist es niir selbstver- 
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standlicli, dass der Phytopatliologe Kock in den pflanzenscliutzliehen 
Kreisen der Ostmark nnd des iibrigen Eeiclies, aber aucli dariiber binaiis 
im Ansland wolil bekannt ist. Neben zablreiclien Biicliern mid Brosehiiren, 
die er ziim Teil Allein zinn Teil als Mitverfasser zeiehnete iind die ziir 
Verbreitnng pflanzenselintzlieher Kenntnisse in den Kreisen der Landwirte, 
Gartner, Obstliebbaber und Pflanzenfreunde uberliaupt ganz wesentlieli 
beitrugen, sind mebr als 150 Arbeiten und Aufsatze, das Gesamtgebiet des 
Pflanzensebutzes betreffend, das literariselie Ergebnis seiner iimfangreielien 
Studien. Dariiber binaus ist seiner Initiative aneh die Entstebung einer 
Eeihe von wissenscbaftlieben Arbeiten zu verdanken, die wahrend seiner 
Tatigkeit an der Hocbsebule fiir Bodenkultur von Dissertanten angefertigt 
warden. Seine beiden Hauptarbeitsgebiete waren die Kartoffelkrankbeiten 
iind die Eaucbscbadensfragen. Als langjabriger Vorsitzender des Kartof- 
felfachaussebusses der ebemaligen landwirtscbaftlicben Bniidesversiicbsan- 
stalten batte er reieblicb Gelegenbeit, sicb nur mit dem Kartoffelbau voni 
pflanzenbaiilieben Standpiinkt aus zu bescbaftigen, sondern im besonderen 
aueb auf seinem eigenen Arbeitsgebiet riebtungiveisend zu -wirken. In 
dieseni Zusannnenbang sei nur auf eine seiner grundlegenden Arbeiten, 
(Studien iiber die Blattrollkrankbeit der Kartoffel) verwiesen. Sein 
anderes Spezialgebiet waren die Eaucbscbadensfragen. Es gibt wobl kaum 
einen Eauchscbadensstreitfall in der Ostmark, dem nicbt Kock als Sacbver- 
standiger beigezogen worden ware. Durcb diese seine mebr als 25 jabrige 
Tatigkeit bat er sicb eine ungemein reicbe Erfabrung in den oft scbwierigen 
Eaucbscbadensfragen erworben, die ibn in die Lage versetzte, uber diese 
allein begutaebtende Tatigkeit binaus die vielfacb komplizierten Eaucb- 
sebadensprobleme auch wissenschaftlicb zu ergriinden. Mitten aus dieser 
Arbeit hat ibn ein unerbitterliebes Gesehick berausgerissen. Seine ausserst 
gewdnnende Personlicbkeit, seine Leutseligkeit, seine so giitige Wesensart 
und Hilfsbereitscbaft gegeniiber jedermann bat Kock eine grosse Zabl von 
dankbaren Sebiilern und Preunden geschaffen. Aber aucb unter den 
engeren Paebkollegen des In-und Auslandes sowie unter seinen Beruf skol- 
legen auf der Hocbsebule erfreute er sicb einer besoderen Wertscbatzung, 
was in seiner seinerzeitigen Wahl zum Eektor der Hocbsebule fiir Boden- 
kultiir fiir das Studienjabr 1935/36 sicbtlicben Ausdruck f and. Wenn aucb 
Kock infolge der ibm eigenen Bescbeidenbeit in aller Stille seinen studien 
und Arbeiten um die Weiterentwieklung des Pflanzensebutzes oblag, so 
konnen wir doeb beute an den Brgebnissen und Erfolgen seiner emsigen 
Arbeit die Unvergangliebkeit seiner Verdienste ermessen, die er sicb um den 
Ausbau und die Porderung des Pflanzensebutzes in wissenscbaftlicber und 
piaktiseber Hinsiebt in der Ostmark und dariiber binaus erworben hat. 

HOCHSCHULE EUR BOUEHKULTUR, WlEN XVIII-110, GREGOR MeNDELSTE. 3'3. 

VEROFFENTLICHUNGEN 

Biicber 

1. (Beldbau, Obst-md Weinbau, Gemiise-tiiia Gartenbau) von 

Kock-Fulmeb, Verlag Carl Gerolds Sohn, Wien. 
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2. Sehadlinge im Obstbau und ibi-e Bekampfung, Koek-Loscknig-Miestingei- Scbolle- 

Veiiag, Wien, 

3. Pflanzensehntz im Kleiii-iind Siedlergarten, Koek, Sckolle-Verlagj Wien. 

PnblikationeH 

1. Die wiclitigsten pilzparasi-taien Erkrankungen niiserer gebraueliliclisten Handels- 

pflanzen niid ihre Bekampfung. Landes- Amstblatt des Erzherzogtimies Oster- 
reieli unter der Enns, Nr. 24/1910 und Nr. 1/1911. 

2. Die liaufigsten pilzlicben Krankbeiten unserer wiehtigsten Nadellidlzer xind ihre 

Bekampfung. Landes-Amtsblatt des Erzherzogtumes osterreicli unter der Enns, 
Nr. 12 und 13, 1908. 

3. Die wiehtigsten Krankheiten und Sehadlinge unserer gebrauehliehsten Zierstrauelier 

und Zierpflanzen und ihre Bekampfung. Landes-Amtsblatt des Erzherzogtumes 
5sterreich unter der Enns, Nr. 23 und 24/1907, Nr. 2, 3, 4, 1908. 

4. Die wiehtigsten pilzlichen Krankheiten unserer Laubbaume und ihre Bekampfung. 

Landes-Amtsblatt des Erzherzogtumes Osterreieh unter der Enns, Nr. 4, 5/1909. 

5. Beitrage zum Studium der Blattrollkrankheit. Monatschefte f. Landwirtsehaft, 

1910. 

6. Unsere gegenwartigen Keiintnisse iiber die Blattrollkrankheit der Kartoff el. Monats- 

liefte f. Landwirtsehaft, 1909. 

7. Kartoffelschorf und Kartoffelkrebs. Mitteiluiigen d. Verb, landw. Versuchsstationen 

in osterreieh. Nr. 20. 

8. Die wiehtigsten Kartolfelkrankheiten und ihre Erkeiinung auf dem Eelde. Monats- 

Iiefte f. Landwirtsehaft, 1913. 

9. Die wiehtigsten Krankheiten und Sehadlinge der Eutterpflanzen und ihre Bekamp- 

fung. Monatshef te f . Landwirtsehaft, 1908. 

10. Der amerikanische Staehelbeermehltau. Monatshefte f. Landwirtsehaft, 1908. 

11. Der nordamerikanisehe Staehelbeermehltau und seine Bekampfung. Der Obstziichter, 

Nr. 8, 1913. 

12. Ergebnisse mit der Iszleibsehen Nahrsalzimpragnation. 5strerr. Ungar. Zeitschrft. 

fiir Zuckerindustrie und Landwirtsehaft, II. Heft, 1906. 

13. tiber Cotyledonarknospen dicotyler Pflanzen. Osterr. Botan. Zeitschrft., 1908, Nr. 2. 

14. Yergleichende Bodentemperaturmessungen. Zeitschrift f. d. landw. Versuchswesen 

in 5sterreich, 1918, S. 596. 

15. Ein neuer Hefetriebskraftapparat. Zeitschrift. f. d. landw. Versuchswesen in Oster- 

reieh, 1906. 

16. Beitrag zur Kenntnis der Yerbreitung und der Bekampfung des falschen Mehltaues 

der G-urken. Zeitschrft. f. d. landw. Versuchswesen in Osterreieh, 1908, S. 128. 

17. Ybei; das Auftreten des nordamerikanischen Stachelbeermehltaues und des Eichen- 

mehltaues in Galizien. Zeitschrft. f. Pflanzenkrankheiten, XX. Bd., 8. Heft, 
1910. 

18. Der Eichenmehltau, seine Yerbreitung in Osterreich-TJngarn und seine Bedeutuiig in 

. forstlieher Beziehung. Zeitschrft. f. d. landw. Versuchswesen in Osterreieh, 1910. 

19. Ein fiir Osterreieh neuer Rosenschadling. Zeitschrft. f. d. landw. Yersuehswesen in 

Osterreieh, 1905. 

20. Schorf , Monilia und Weissfleckenkrankheit auf verschiedenen Obstsorten. Zeit- 

schrft. f. d. landw. Versuchswesen in Osterreieh, 1911, S. 209. 

21. Sept07'ia Lycopersici auf Paradeispflanzen und Fhyllosticta Cyclaminis mt Cyclamen 

pe^'sicum. Zeitschrft. f. d. landw. Versuchswesen in Osterreieh, 1905. 

22. Die wiehtigsten Sehadlinge der land-und fortswirtsehaftliehen Kulturpflanzen und 

ihre Bekampfung. Vademekum fiir den Landwirt, 11. Auflage. 

23. Berieht iiber die von der k. k. Pflanzensehutzstation im Jahre 1911 durchgefiihrten 

Versuehe zum Studium der Blattrollkrankheit der Kart off el. Zeitschrft. f. d. 
landw. Versuchswesen in Osterreieh, 1912, S. 179. 

24. Ergebnisse der im Jahre 1912 durchgefiihrten Versuehe und IJntersuchungen iiber 

die Blattrollkrankheit der Kartoff el. Zeitschrft. f. d. landw. Versuchswesen in 
osterreieh, 1913, S. 89. 

25. Studien iiber die Blattrollkrankheit der Kartoff el. Zeitschrft. f. d. landw. Versuehs- 

wesen in Osterreieh, 1914, Heft. 5. 

26. Die Schwarzbeinigkeit der Kartoff ein, ihre IJrsache, wirtschaftliche Beseutung imd 

Bekampfung, Osterr. Zeitschrft. f. Kartoff elbau, Eolge 1, Nr. 9. 

27. Blausaurebegasungsversuehe an Kartoffelpflanzgut. Eortschritte der Landw. Jahrg. 

8, Heft 5, S. 102. 

28. Die Bedeutung der kulturellen Bekampfungsmethoden im praktischen Pflanzenschutz. 

Zeitschrft. f. Pflanzenkrankh. und Pflanzenschutz, Bd. 42, S, 383, 1932. 

29. tiber die Bedeutung der biologischen Bekampfungsmethoden fur den praktischen 

Pflanzenschutz. Zeitschrft. f. Pflanzenkrankh. und Pflanzenschutz, Jahrg. 1933, 
Bd. 43, S. 358. 
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Essig als Saatgutbeizmittcl? Portscliritte d. Landw., Jalirg. 7, S. 226. 

TJnkraufbekampfang mit Seliwefelsaure. Hie Landeskiiltur, Nr. 10, 1935. 

Her Scliwefeldioxydgelialt der Luft and seiii Einfluss anf die Pflaixze. Eortscliritte 
d. Landw., Jahrg. 4, S. 170, 1929. 

Einiges iiber die Erostwirkuiigeii des Winters 1928/29 bei imseren Obstlxaumeii. 
Oartenzeituiig der bsterr. Gartenbangesellscbaft, 1930. 

tiber die Bedeutimg des XJspuluns als Manzensclmtznxittel, speziell als Saatgutlxeiz- 
mittel. Zeitsehrft. f. d. landw. Versiicbswesen in Osterreieli, 1919, S. 257. 

Beitrage znm Problem der Seliorfkrankheiten nnseres Kernobstes mit besoiiderer 
Beriieksielitigung der Widerstandsfaliigkeit einzelner Sorten. Bie Landwirt- 
schaft, 1927, S. 264, 307, 346. 

Pber das Verhalten der versehiedenen Kartoffelsorten gegeniiber dem Erreger der 
KartoffelknollenTMe (PhytoplitJiora infest am). Eortscliritte d. Landw. Jalirg. 
6, S. 518, 1931. 

tiber das Verbalten der einzelnen Apfelsorten gegeniiber dem Apfelmeliitaii. Fort- 
schritte d. Landw. Jahrg. 1927, Heft 18. 

Der gartnerische Pflanzensehntz in Osterreich. Pestsclirift d. bsterr. Garten- 
baugesellsehaft, 1827-1927. 

Das Wesen der Gelbrostbekampfung des Weizens. Eortscliritte d. Landw. Jalirg 
1927, Heft 10. 

Lolmt sicli ein weiterer Ausbau der chemisehen Metlioden im praktisclien Pflanzen- 
schntz? Zeitsehrft. f. Pflaiizenkrankh. nnd Pflanzensehntz, Bd. 42, S. 233, 1932. 

tiber die Rauchgasflltrationswirkung eines Fiehtenbestandes. Phytopathologisehe 
Zeitsehrft., Bd. VII, S. 255, 1934. 

Ludwig Heeke ziim Gedaehnis. Osterr. Botan. Zeitsehrft., Bd. 84 S. 295, 1935. 


CONCENTRATION AND CHARACTERIZATION OP THE EMETIC 
PRINCIPLE PRESENT IN BARLEY INFECTED WITH 
GIBBERELLA SAHBINETII^ 

W I L L I A M G . H 0 Y M A N 2 

(Accepted for publication I'ebruaiy 10, 1941) 

The toxicity of scabby grain to man and certain animals has been well 
established. The first reports (5, 6, 12) concerned the toxicity of flour 
made from diseased grain. People eating bread baked from this flour 
became sick and emesis resulted. Later, feeding experiments (1, 2, 4, 8, 10, 
11, 13, 16, 17, 21) demonstrated that scabby barley was toxic and induced 
emesis in certain animals, especially those with simple stomachs. 

Although the toxicity of scabby barley to certain animals has been well 
established, the published information concerning the nature of the emetic 
principle present in grain infected with Gihherella saiiMnetii (Mont) Sacc. 
and jPasarrMiu species is limited and conflicting. Poniaskii (14, 15), who 
was the first to offer any evidence as to the nature of the toxin, considered 
that it was |)robably a nitrogenous giueoside. Danckwortt’s (3) investiga- 
tion offered no definite evidence as to the nature of the toxin. His tests for 
alkaloids proved negative. Popp (16) attributed the formation of the toxic 
principle to the decomposition of protein compounds from which toxalbu- 
mins or similar toxic nitrogenous compounds were formed. The investiga- 
tion of Schroeter and Strassberger (18) led them to believe that choline or 
easily hydrolyzable choline fatty-acid esters produced the injurious action. 
Dickson, Link, Roche, and Dickson (4) concluded that the active substance 
was associated with the fractions containing glucosides or basic nitrogen 
compounds. 

The present investigation was undertaken to learn something more of 
the characteristics of the emetic principle. 

MATERIAL AND METHODS 

In the summer of 1938, observations on a number of barley fields in the 
vicinity of Ames, Iowa, from the latter part of June until harvest disclosed 
a general epiphytotic of scabby barley. A field of loglos barley on the farm 
of the Department of Agricultural Engineering, Iowa State College, was 

1 From a thesis submitted to the faculty of the Graduate College, Iowa State College, 
ill partial fulfillment of the requirements for the degree of doctor of philosophy. 

2 The writer wishes to express his appreciation to Dr. J . C. Gilman of the Depart- 
ment of Botany of Iowa State College, for his interest and guidance throughout the 
course of the investigation ; also to Dr. I. E. Melhus, Head of the Department of Botany 
of the Iowa State College, who suggested the problem, for his inspiration, interest, and 
valuable aid. The opportunity for conferences with Doctors R. M. Hixon, I. B. Johns 
and Henry Gilman of the Department of Chemistry was greatly appreciated. The writer 
is indebted to Dr. Glen A. Greathouse, Bureau of Plant Industry, United States Depart- 
ment of Agriculture, for assistance and valuable suggestions regarding the alkaloid tests. 
It is also a privilege to acknowledge the cooperation of Dr. H. E. Biester of the Vet- 
erinary Eesearch Farm of the Iowa State College and Prof. Arthur L. Anderson of the 
Department of Animal Husbandry for the use of the assay animals. 
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severely infected 'witli Gibherella saiibinetii. Preliminary tests of aqueous 
extracts of this barley on swine indicated that the diseased grain contained 
the emetic principle. In order to obtain barley more heavily infected than 
the ordinary field run, arrangements w’ere made with the Department of 
Agricultural Engineering to obtain the screenings after the barley was 
cleaned. Screenings weighing, respectively, 10, 15, 24, 27, and 32 lb. per 
bu. were used throughout the investigation. The screenings weighing 10 
and 15 lb. per bu. contained much plant refuse, and recleaning was neces- 
sary. Germination and isolation experiments with the screenings indicated 
an inverse relationship between the weight of the grain and the pi’evalenee 
of the pathogen. Table 1 shows the percentage of infected grain for the 
respective bushel weights. 


TABLE 1. — Percentage of grain infected with Gihlerella saiihinetii in harley of 
different weights per hushel 


Bushel weights in pounds 

10 

15 

24 

27 

32 

Percentage infected 

95 

94 

90 

90 

87 


Since swine are susceptible to the emetic principle present in scabby 
barley, they were chosen as the assay animals to test for the presence of the 
toxin in various extracts and concentrates. During the course of the inves- 
tigation, the extracts and concentrates were administered by a stomach tube 
to 16 swine of various breeds. The pigs were obtained when w^eighing not 
less than 25 lb. nor over 50, and retained until each reached a weight of 
approximately 150 lb. Although the heavier pigs were still susceptible to 
the emetic principle, they became more difficult to handle and "were, there- 
fore, discarded. After administering the test solutions, the swine were 
observed until emesis had subsided. In only a few cases was this period 
prolonged more than 1 hour. 

The emetic principle was removed from the whole grain by placing a 
weighed quantity of the scabby barley in beakers and adding twice its 
weight in distilled water. The beakers were covered with wmtch glasses and 
placed on an electric plate for 12 hours. The solution temperature was main- ’ 
tained at approximately 92 C. The aqueous extracts were then decanted, 
the barley washed once with distilled water, and the washings added to the 
first aqueous extracts. The extracts were placed in beakers and evaporated 
nearly to dryness on a water bath. A brown residue remained. Warm 
methyl alcohol was thoroughly mixed with the residue and the material 
filtered with suction. The filtrate was placed in an evaporating dish and 
put on a steam bath to remove the methyl alcohol. After most of the methyl 
alcohol had been removed, a small quantity of distilled water was added to 
the concentrated methyl alcohol-soluble material and the evaporation of the 
methyl alcohol was completed. A brown residue remained that was dis- 
solved in a small quantity of dilute sodium hydroxide solution and placed 
in the extractor shown in figure 1. Extraction with ether for 24 hours was 
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material was poured on a watch glass. After the ether was evaporated, a 
very small qnantity of yellow, syrupy material remained. 
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Solubility behavior, physical examination, classification tests, and an 
analysis for certain elements wei*e carried out vith the yellow concentrate 
Attempts were made to crj^stallize, to isolate as a hydrochloride salt, and to 
prepare various derivatives of the yellow concentrate. After obtaining 
doubtful alkaloid tests with the yellow concentrate, it was dissolved in a 
chloroform-ether mixture and extracted with a 2 per cent HCl acid solu- 
tion in order to bring down any complex organic bases. The acid-soluble 
portion was then tested with several alkaloid reagents. 

EXPERIMENTAL RESULTS 
Toxicity of the Acpieous Extracts 

Previous investigations (1, 2, 4, 16, 18) have shown that the emetic prin- 
ciple present in scabby barley was soluble in Avater. In order to confirm this 
earlier work, a number of aqueous extracts were tested for their potency 
when dffierent quantities of barley were extracted at different temperatures 
for various lengths of time. Table 2 summarizes these data. The results 
indicate that the aqueous extracts contained the emetic principle. In only 
one instance did a test animal fail to respond and that Avas Avhen the aqueous 
extract obtained from only 20 g. of barley was administered. 

scahhy harley at dif event temperatures for various lengths of time ' ^ 


Test 

animal 

Wt. of 
scabby 
barley used 
in extract- 
ing toxin 

Weight 
of barley 
per 
bushel 

Tempera- 
ture of 
solution 
during 
extraction 

Duration 
of extrac- 
tion 
period 

Interval 
between 
administer- 
ing arid 
vomition 

Voinitions 

No. 

2 

1 

2 

1 

2 

15 

16 

Grams 

20 

100 

100 

; 100 

300 

240 

240 

Pounds 

15 

15 : 

15 

15 

32 

27 

27 

°c. 

20-25 

20-25 

20-25 

7.2 

7.2 

92.0 

92.0 

Hours 

24. 

24 , 

24 

48 

168 

12 

12 

Minutes 

12 

24 

16 

70 

19 

19 

Numher 

0 

9 

15 

5 

8 

9 

4 


fainj fr^n ' ; I ' , , “'>■ 

In m .wT “ CriUcreOa. 

“ fn 

Effect of Acidifying Aqueous Extracts 

bv adcliro^vd? principle in the presence of acid was tested 

them to the anim extracts before administering 

of 2ri5 ^irr^ b* by comp.,i„g tl, number of y„„u,i„„s 

1 P .0 lo end 16 m tables 2 and 3. In each ease the extraction time 
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TABLE 3 . — Effect of acidifying aqueous extracts lefore administering them to 
swine 


Test ' 1 

animal j 

Wt. of scabby 
barley used in 
extracting toxin 

Weight 
of barley 
j)er busliel 

Temiierature of 
solution during 
extraction 

Duration of 

extraction 

period 



Acidity of 

aqueous 

extract 

Acidity after 
adding HCl 

Interval between 
administering 
and vomitioii 

Vomitions 

'No. 1 

, Grams | 

Pounds 1 

j °o.. 

Eonrs 

1 

pH 

pE 

Minutes 

Number 

16 

240 

■ 27 

j 92 ■ 

12 

5.82 

3.36 

19 

6 

15 

240 

27 

} 92 

! 

12 

5.65 

2.26 

15 

4 


was 12 lir. at 92*^ C. from 240 g*. of scabby barley weighing 27 lb. per bn. 
Pig no. 16 vomited more when given the acidic extract, while less emesis 
resulted when such an extract was given to pig no. 15. These two trials indi- 
cate that the emetic principle was not inactivated when the aqueous extracts 
had pH values of 3.36 and 2.26. 

Effect of Autoclaving Aqueous Extracts 

To corroborate previous reports (1, 2) that the emetic principle is ther- 
mostable, aqueous extracts were autoclaved at a pressure of 15 lb. for 25 
min. before their dispensation to swine. 


TABLE 4 . — Effect of autoclavmg aq^ieous extracts at Id pounds’ presuure for 2B 
minutes before administering them to swine 


Test 

animal 

Wt. of scabby 
barley used in 
extracting toxin 

Weight 
of barley 
per bushel 

Tem]3erature 
of solution 
during 
extraction 

Duration of 

extraction 

period 

Acidity of 

aqueous 

extract 

Interval between 
administering 
and vomition 

Vomitions 

-Vo. 1 

Grams 

Pounds 

°C. 

Hours 

pH 

Minutes 

Number 

1 

100 

15 

7.2 

■ ' 48 


28 

4 

16 

240 

27 

92.0 

12 

5.90 


a 

15 

240 

27 

92.0 

12 

5.65 


0 

16 

240 

27 

92.0 

12 

5.74 

22 

1 


No emesis, but appeared sick and refused feed. 


The results indicate that autoclaving aqueous extracts reduces the 
potency of the emetic principle. Pig no. 15 failed to react, but pigs 1 and 
16 either vomited or appeared sick. A comparison of the reaction of pig 
no. 16, when given an acidified aqueous extract and an autoclaved aqueous 
extract, may be made by comparing the results recorded in tables 3 and 4. 
In each case the aqueous extracts were made from 240 g. of 27 lb. per bu. 
barley. Only the autoclaved extracts reduced the amount of emesis. It may 
be assumed, therefore, that autoclaving partly inactivates the emetic prin- 
ciple. 
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Effect of Autoclaving Acidified Aqueous Extracts ' 

_ The reduction m potency of tlie toxic substance obtained from autoelav 
suggested autoclaving acidified aqueous extracts' 
Table 5 shows the results obtained from autoclaving the extracts after the 
late had been adjusted to low pH values by the addition of hydrochloric 

.. Si sisrtciSss;* i:r»" “< 


Test 

animal 

Wt. of 
scabby 
barley 
used in 
extract- 
ing toxin 

Weight 
of bar- 
ley per 
bushel 

Temper- 
ature of 
solution 
during 
extrac- 
tion 

Dura- 
tion of 
extrac- 
tion 
period 

Aqueous 

extract 

After 
addition 
of HGl 

Interval 

between 

adminis- 

tering 

and 

vomition 

Vomi- 

tions 

No. 

16 

15 

16 

15 

15 

16 

15 

Grams 

240 

240 

240 

240 

240 

240 

240 

Pounds 

27 

27 

27 

27 

27 

27 

27 

^C. 

1 92 

92 

92 

92 

92 

92 

92 

Sours 

12 

12 

12 

12 

12 

12 

12 

! pE 

5.86 

5.86 

5.70 

5.97 

5.74 

5.95 

5.95 

1 pE 
' 3.25 

2.06 

1.96 

1.95 

1.93 

1.82 

1.80 

Minutes 

18 

43 

24 

1 Number 

1 2 

0 

0 

1 

3 

0 

0 


uumoer or vomitions in tables 4 and fi snbsfmi+ 4 o+oc. 

the conclusion that the addition of hvdrochloric acid tn Z o 
before autoclaving had little, if any, iect The d“to il hTthThT* 
a partiid inactivation of the emetic princinle. Sinl ft, v *' 

sssissssssi 

Effect of Adding Alkali to Aqueous Extracts 
Seller and Wedemann (1) have su<^ffested .rcoLL i, , 
utilized as feed for swine if the barleyte boiled L 
with washing or neutralization of the toxic extrnct 'I followed 

Several attempts were therefnrp sodium hydroxide. 

amounts of sodium hydroiide Mlution wer?fdde?io?he'"7°?' 

The oL. n“ r5',l“ZTTlfr “ T““ 

tracts were made more aLline and t * strength. When the ex. 

6) indicate a rednoUrfntT Sy" d ft! T' ““ 

vomited twice when the extocS w! at S ^Ty ! Tm 

appeared sick when administerpd o + j.\ 10.15, but only 

11.65. administered extracts having pH values of 11.00 and 

Effect of Evaporating Aqueous Extracts to Dryness 
Thermostability data (Table 2) suggested a n. ^ 

} a possible means of concen- 
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TABLE 6. of ollvcilizijiff oQiiooiis oxtvctcts fTOTYit scubhy hoTlcy hofovo 

istering them to swine 


No. 

16 

15 

16 
15 

15 

16 
16 
15 


d CP &J0 
CP CO d 

02 d *iH 


Cw 

rO O 


Grams 

240 

240 

240 

240 

240 

240 

240 

240 


■ SrS'S 
,f3 d 
fciD d 


<xj -S 
M u 

-I^rg g 
(-1 .2 
o o tp 

s 

^ 43 

y. 

Eh CO CP 


Pounds 

27 

27 

27 

27 

27 

27 

27 

27 


°G. 

92 

92 

92 

92 

92 

92 

92 

92 


Hours 

12 

12 

12 

12 

12 

12 

12 

12 


d 

O CP 
2 d 
d Pm 


pH 

5.88 

5.94 

5.60 

5.85 

5.65 

5.85 

5.56 

5.75 


j. 

rcJ {l{ 

o 

Pm d 

^!2i 


pH 

7.15 

7.97 

9.06 

10.15 

11.00 

11.53 

11.56 

11.65 


iss 


■^-l i 

PI ^ Pi 
H <d d 


Minutes 

27 

25 

31 

30 


43 


Number 

4 

2 


a No emesis j but eared siek and refused feed. 


trating the aqueous extract without altering the chemical nature of the 
emetic principle. The aqueous extract was divided equally among 8 beakers 
and evaporated to dryness on a water bath. As shown in table 7, the dried 
extracts were redissolved in water the same day they were obtained, or were 
allowed to remain as long as 7 days in the dried state. 


TABLE 7 . — Effect of evaporating aqueous extracts from scabby barley to dryness 
and redissolving them in water before administering to swine 


Test 

animal 

Wt. of scabby 
barley used in 
extracting toxin 

Weight 
of barley 
per bushel 

Temperature of 
solution during 
extraction 

Duration of 

extration 

period 

Time evaporated 
extracts remained 
in dried state 

Interval between 
administering 
and vomition 

Yomitions 

No. 

Grams 

Pounds 

I 

Hours 

Hays 

Minutes 

Number 

7 

250 

32 

7.2 

24 

1 

22 

11 

7 

250 

32 

7.2 

24 

7 

21 

11 

8 

250 

24 

7.2 

1 24 

0 

23 

9 

4 

500 

32 

7.2 

24 

0 

28 

6 

3 

500 

32 

7.2 

24 

0 

18 

9 


The data in table 7 indicate that the redissolved dried extracts had not 
lost their ability to produce emesis in swine. The one dried extract, which 
remained as such for 7 days before redissolving and administering, was as 
effective in producing emesis as any dried extract tested. 

Toxicity of Filtrates Obtained from Filtering Concentrated Aqueous 
Extracts, and Gummy Kesidues Bemaining on Filter Papers 
and Sides of Beakers 

During the removal of water and certain volatile substances from the 
aqueous extracts by evaporation over a water bath, a brown gummy residue 
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formed on the sides of the beakers as well as in the eoucentrated extracts 
In order to determine whether this gummy material was toxic, the eoneen- 
trated extracts were filtered with suction before being evaporated to dry- 
ness. Tests were made of the water-soluble material contained in the fil- 
trates, and the gummy residues remaining on the filter papers and sides of 
the beakers. The results are summarized in table 8. 

TABLE 8.— Toa-ica)/ of the filtrates obtained from filterinf/ conccntruted aaiicowi 
Teal'ert gummy residues remaining on the filter papers and sides of the 


Test 

animal 

Wt. of 
scabby 
barley 
used in 
extract- 
ing toxin 

Weight 
of barley 
per 
bushel 

Tempera- 
ture of 
solution 
during 
extraction 

Duration 
of extrac- 
tion period 

Nature of 
material 
administered 

Interval 

between 

adminis- 

tering 

and 

vomition 

Vomi- 

tions 

No. 

2 

3 

6 

4 

Grams 

800 

800 

500 

500 

Founds 

32 

32 

32 

32 

^C. 

7.2 

7.2 

7.2 

7.2 

Hours 

216 

216 

24 

24 

Filtrate 

Gummy 

resiciuefi 

Filtrate 

Gummy 

resiciuefi 

Min/ates 

24 

22 

17 

Number 

18 

5 

7 

0 


1 . im » ''oo '•oi' wasueu on me mter paper, 

llie gummy residue was given a thorough washing with water. 

The responses of pigs nos. 2 and 6 indicate that the emetic principle 
passed into the filtrates. Pig no. 3 vomited 5 times tvhen given the gummy 
residue that was not washed when the concentrated aqueous extract was fil- 
erec . e negative response of pig no. 4 indicates that a thoroughly 
washed gummy residue was not toxic. *= •' 

Vacuum, Steam, and Fractional Distillation 

Purification by vacuum distillation was attempted 3 times, but the foamy 
na uie o e aqueous extracts made it impossible to use this method. The 
resu s obtained from subjecting concentrated aqueous extracts to steam 
aistillation are presented in table 9. 

of aSeoufixtiafu ouS^ed framlllhil" 


Wt. of 
scabby 
barley 
used in 
extract- 
ing toxin 

Weight 
of barley 
per 
bushel 

Tempera- 
ture of 
solution 
during 
extraction 

Duration 
of extrac- 
tion period 

Nature of 
material 
administered 

Interval 

between 

adminis- 

tering 

and 

vomition 

Vomi- 

tions 

Grams 

100 

100 

100 

100 

Founds 

15 

15 

15 

32 

7.2 

7.2 i 
7.2 

7.2 

Hours 

52 

52 

105 

23 

Distillate 

Residue 

Residue 

Residue 

Minutes 

25 

13 

32 

Number 

0 

13 

II 

7 
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Tlie results in table 9 sliow that the emetic principle reinainecl in the 
residue. Pig‘ no. 3, which received the distillate, showed no symptoms of the 
champing that generariy preceded emesis. It continued eating throiigiiout 
the observation period. 

A further attempt to separate the emetic principle from the aqueous 
extracts was made by concentrating the extracts to a small volume and frac- 
tionally distilling. Table 10 gives the different fractions tested and the 
results obtained. 


TABLE 10. — Toxicity of the distiXlates and rcsidiies re the fractional 
distillation of concentrated aqueous extracts 


Test 

nnirnal 

WU. of 
scabby 
I)arley 
used ill 
extract- 
ing toxin 

■\Veiglit 
of barley 
per 
busliel 

Tempera- 
ture of 
solution 
during 
extraction 

Duration 
of extrac- 
tion period 

Fractions 

adminis- 

tered 

Interval 

between 

adminis- 

tering 

and 

vomition 

A"" onii- 
tioiis 

A^o. 

Grams 

Founds 


Hours 


Minutes 

Xuiiiber 

4 

500 

32 

7.2' 

24 

100-113^1 


0 



. 



113-130 



3 





Eesidue 

18 


5 

500 

32 

7.2 

24 

100-130 


0 

3 





130-170 


0 

4 





Eesidue 

' 

28 ■ 

() 


SI Distillation teini)erature at which the fraction was obtained. 


No vomitions were obtained when the distillates were administered to the 
test animals. The residues, however, proved toxic. The failure of a distil- 
lation teinperature of 170° C. to inactivate the emetic principle is rather 
significant. 

Methyl and Ethyl Alcohols as Differential Solvents 

After establishing the fact that the aqueous extracts could be taken to 
dryness (Table 7), wdthout a loss in the potency of the emetic principle, 
further inethods were attempted to free the toxin from accompanying mate- 
rials. The use of methyl and ethyl alcohols as differential solvents proved 
satisfactory in eliminating a large portion of the inactive material. To 
simplify the alcohol extractions, the aqueous extracts were removed from 
the water bath before being evaporated to dryness and the alcohol added 
and warmed. It was necessary to use a spatula to free any residue adhering 
to the sides and bottoms of the beakers before the alcohol could be thor- 
oughly mixed with the eoneentrated material. The alcohol-soluble material 
was filtered with suction and the insoluble material washed twice with 
alcohol. The data given in table 11 show the efficiency of methyl alcohol 
as a solvent for the further purification of the toxic substance. 

The results recorded in table 11 indicate that the methyl-alc^^^^^^^ 
insoluble material wus not toxic to swine. In one ease, pig no. 14, a response 
was obtained from dispensing the methyl-alGohol-insoluble material. This 
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TABLE 11. — Toxicity of the metliyl-alcoliol-solitble and insoluUe portions ohfawerl 
from extracting the residues remaining after the aqueous extracts were evaporated oiefirhj 
to dryiiess z nvuny 


Test 

animal 

Wt, of 
scabby 
barley 
used in 
extract- 
ing toxin 

Weight 
of barley 
per 
bushel 

Temper- 
ature of 
solution 
during 
extraction 

Duration 
of ex- 
traction 

Kind of 
material 
administered 

Interval 
between 
adminis- 
tering 
and vo- 
mition 

Voini- 

tions 

No. 

Grams 

Pounds 


Eours 


Mmutes 

N u rn her 

9 

250 

24 

7.2 

24 

Soluble 

23 

9 

10 





Insoluble 


0 

10 

250 

24 

7.2 

. 24 

Soluble 

43 

tj 

8 





Insoluble 


0 

12 

160 j 

24 

7.2 

24 

Soluble 

14 

A 

11 





Insoluble 


0 

13 

1200 

27 

7.2 

12 

Insoluble 


0 

14 

180 

10 

100.0 1 

1 

Soluble 

12 

26 

14 

720 

10 

100.0 

1 

Insoluble 

32 

4 ^ 

^ 12 j 

400 

27 

100.0 

, 1 

Soluble 

23 

4 


a Insoluble material not washed with methyl alcohol when filtered. 

response may be explained by the fact that the insoluble material was not 
washed with methyl alcohol when filtered with suction. 

Beller and Wedemann (1) simplified their extraction method br placing' 
the scabby barley in boiling water for 1 hour. The evidence presented in 
table 11 IS the first instance of an attempt to test their recommendation. 
In 3 instances the barley was extracted with water at 100° C. The material 
resulting from these extractions was given to two different test animals 
(pigs nos. 12 and 14) and emesis was produced in each case. The amount 
of emesis from pig no. 14 was greater than that observed from anv test 
animal throughout the course of the investigation. 

Although ethyl alcohol proved to be a differential solvent for removing 
the emetic principle from the concentrated aqueous extracts, it was aban- 
doned in favor of methyl alcohol. When ethyl alcohol was used, the 
insoluble portion had a tendency to remain in a gummy state and this made 
the separation more difficult. 

nf always taken to remove the methyl alcohol from anv 

reiimhn!? ®“tirely possible that traces of this alcohol 

dXw ! solution of methyl alcohol was administered to 3 

different pigs to determme whether emesis could be produced. In no 
instance ^'as there any evidence of the symptoms accompanying emesis 

ethvTalTotu! s“^ ^ ^ ^®l’'^tions of 

etnyl alcohol to swine and observed no emesis. 

Ether as a Differential Solvent 

“r '““B” naterial soluble in water and methyl 

«td thrZS,rw.Z'' 

dissolved in a small quantity of distilled water and 
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extracted with a separatory funnel or the continuous extractor (Pig. 1). 
The results from several exti’aetions are given hr table 12. 


TABLE 12. — Toxicity of the etlier-soluhle and insoluble portions obtained from 
extracting aqueous solutions of the meihyl-alcohol-soliible material 


Test 

animal 

Wt. of 
scabby 
barley 
used in 
extract- 
ing 
toxin 

Metliod of 
ether ex- 
traction 

Ether 

extrac- 

tions 

Dura- 
tion of 
ether 
extrac- 
tion 

Kind of 
material 
admin- 
istered 

Weight 
of ether- 
soluble 
material 

Interval 
between 
admin- 
istering 
and vo- 
niition 

Yomi- 

tions 

No. 

Grams 


N timber 

Hours 


Grams 

Minutes 

Number 

11 

250 

Separatory 









funnel 

10 


Soluble 


14 

5 

12 





Insoluble 



0 

■ 12 ■' i 

300 

Separatory 









funnel 

10 


Soluble 


16 

9 

11 





Insoluble 


19 

11 

11 

300 

Separatory 









funnel 

15 


Insoluble 


22 

9 

11 

300 

Continuous 


12 

Soluble 

0.274 

15 

6 

12 





Insoluble 


21 

3 

12 

300 

Continuous 


24 

Insoluble 



0 

12 

300 

Continuous 


36 

Insoluble 



0 

14 

180 

Continuous 


24 

Soluble 

0.537 

14 

18 

14 





Insoluble 



0 


a Barley of various bushel Aveiglits from wMch toxin was extracted with water at 92® 
C. for 12 hours. 


The results recorded in table 12 show that the emetic principle was 
present in the ether-soluble and insoluble portions. Fifteen extractions with 
the separatory funnel proved insufficient to remove completely the toxin 
from the aqueous portion. The results obtained with the continuous ex- 
tractor were more promising. , Twelve hours of continuous extraction did 
not suffice to remove completely the emetic principle, but extractions of 
24 and 36 hours proved satisfactory. Prom these results the assumption 
may be made that the emetic principle is not very soluble in ether. After 
evaporating the ether, only a small amount of a yellow, syrupy material 
remained. Table 12 indicates the weights of this material on two occasions. 
Test animal no. 14 vomited 18 times when given 0.537 g. of the yellow con- 
centrated material. 

Ether Extractions from Basie and Acidic Aqueous Solutions 

The promising results shown in table 12 suggested further methods for 
purification, as well as an opportunity to learn something of the chemical 
nature of the toxic substance. The acid reaction of every aqueous extract, 
the inactivation of the toxin with sodium hydroxide, as reported by Beller 
and Wedemann (1), but not confirmed in this investigation, and the solu- 
bility of the concentrated methyl-aleohol-soluble material in dilute sodium 
hydroxide solution, all suggested that the unknown might have one or more 
acidic groups strong enough to react with sodium hydroxide and thus be 
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insoluble in ether. An opportunity to determine whether the toxin would 
form an ether-insoluble hydrochloride salt A?as presented by attempting to 
extract an acidified aqueous solution of the concentrated methyl alcohol- 
soluble material AAuth ether. Data obtained from several extractions are sum- 
marized in table 13. The results indicate that the emetic principle could be 
extracted from either basic or acidic aqueous solutions. Evidently, the un- 
known was not strongly acidic nor had it the property of forming a hydro- 
chloride salt. One significant comparison was the amount of ether-soluble 
material obtained from the basic and acidic extractions. Prom tAvo acidic 
extractions 0.720 and 0.750 grams of the yellow concentrate AA’ere obtained. 
The largest amount of ether-soluble material obtained from a basic extrac- 
tion Avas 0.173 g. This reduced amount of ether-soluble material was still 
as potent in affecting emesis as the larger amount obtained from the acidic 
extractions. Test animal no. 16 vomited 3 times after being administered 
0.077 g. of the yelloAv concentrate. Ether extractions from basic solutions 
tended to eliminate approximately half a gram of foreign material AAdiieh 
AA'as ordinarily included in the ether-soluble material extracted from an 
acidic solution. 


TABLE 13 Toxicity of the ether-sohible and insoluble portions obtained from 
extractmcj hanic and acidic, aqueous solutions of the methyl-aleohol-solulle material^ ^ 


Test 
} ini Dial 


Ao. 

12 

11 

11 

12 

12 

11 

12 

13 

14 
14 
14 
1.1 
1 () 
LI 


Acid or 
base 
added 


5 ml. 
HClb 


AaOI-la 

ITCle 

AaOIM 

KaOI-bi 

i\aOIT‘i 

XaOIM 


5 ml. 
NaOH“ 

5 ml. 
HCli) 


10 ml. 
NaOH^- 


Solution 

extracted 

from 

Times 
extracted 
witli ether 

Dura- 
tion of 
eontin- 
nons 
ether 
extrac- 
tion 

Kind of 
material 
adminis- 
tered 

Weight 
of ether 
soluble 
portion 

Inter- 
val be- 
tween 
admin- 
istering 
and vo- 
mition 

pE 


Eours 


Grams 

Alin- 

utes 


15 


Soluble 


15 




Insoluble 



15 


Soluixle 


23 




Insoluble 




36 

Soluble 

Insolul)le 

0.720 

18 

8.67 


12 

Solulile 

Insoluble 

0.059 



24 1 

Soluble 

0.173 

9 

0.45 


24 

Soluble 

0.750 

25 

8.60 


24 

Soluble 

0.150 

26 

8.40 


24 

Soluble 

0.1.14 

16 

11.35 


24 

Soluble 

0.077 

50 

33 

9.90 


24 

Soluble 

0.125 


Yomi- 

tions 


Number 


V 

0 

6 

0 

8 

0 

0 

0 

18 

8 


1> rVnu-nn + v.if/i/l Txm 


(Vnicentratecl HCl. 
Forty per cent NaOH. 
LMliite NaOH. 

Mliliite HOI. 
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Attempts Leading to the Identification of the Emetic Principle 

The emetic principle was collected by pouring the ether-soluble material 
on a watch glass. After the ether had evaporated the residue appeared as a 
homogeneous, yellow, syrupy material. The yellow material thickened some- 
what on prolonged standing in a desiccator, but failed to harden after stand- 
ing as long as 20 weeks. It had an unfamiliar odor, and prolonged smelling 
produced headache in man. Another characteristic was its slightly bitter 
taste. 

On combustion the yellow concentrate burned slowly with a red flame. 
Carbon, but no inorganic residue, remained. An analysis for sulphur, nitro- 
gen, chlorine, bromine, and iodine was made by using the sodium fusion 
method outlined by Kamm (7). The analysis for sulphur and the halogens 
was negative, but a positive test was obtained for nitrogen. 

Although water and ether were used as solvents for the extraction and 
separation of the emetic principle, the yellow concentrate was sparingly 
soluble in these solvents. The concentrated material was insoluble in dilute 
hydrochloric acid, dilute sodium bicarbonate, benzene, petroleum ether, 
carbon tetrachloride, and carbon disulphide. It was soluble in methyl 
alcohol, ethyl alcohol, dilute sodium hydroxide, acetone, chloroform, and 
1,4-dioxane. According to the scheme outlined by Shriner and Piison (20), 
the solubility behavior indicates an acidic compound falling in the solubility 
class A 2 . This class includes phenols, sulfonamides of primary amines, 
primary and secondary nitro compounds, imides and thiophenols. Since 
the yellow concentrate probably is not a x^ure substance, the solubility 
obseiwations are of limited value. 

The yellow concentrate was treated with a few classification reagents 
useful in detecting the presence of functional groups. Negative results 
were obtained when tests were made for the presence of phenolic and nitro- 
type coinpounds, for acidic hydrogens and for nonsaturation. A number of 
derivatives were attempted in order to learn more concerning the chemical 
behavior of the unknown, as well as to isolate it as a derivative. Several 
reagents, used to form derivatives of organic acids, phenolic type compounds, 
tertiary amines, and alkaloids, were employed, but no reactions took place, 
Attempts were made to precipitate the emetic principle as a hydrochloride 
salt, but negative results were obtained. Crytallization from a few solvents 
was unsuccessful. A further attempt to crystallize the yellow concentrate 
was made by placing it at -28° C. for 10 days, but no apparent change 
was observed. 

The yellow concentrate was tested with such alkaloid reagents as 
Marquis', Mayer 's, Hager 's and Scheibler's. Marquis' reagent gave a wine- 
red coloration that turned brown uimn the addition of more of the reagent. 
Mayer's, Hager's and Scheibler's reageiits did not give a precipitate typical 
of a positive test for alkaloids, but produeed only a cloudiness. Since these 
could not be considered as positive tests, an attempt was made to purify the 
material further and test for alkaloids again. The yellow coneentrate was 


884 


Phytopathology 


[VoL. 31 


dissolved in a mixture of chloroform and ether and extracted with 2 per 
cent hydrochloric acid solution. The acid-soluhle portion was then tested 
with various alkaloid reagents. This portion gave positive tests with 
Mayer’s reagent, gold chloride, iodine, neutral lead acetate, and phospho- 
tungstie acid. A negative test was obtained with platinum chloride. It 
appears from these results that the acid-soluble portion contains one or 
more complex nitrogen bases. 

SUMMARY 

Evidence has been presented indicating that the emetic principle present 
in barley infected with Gibherella sauhinetii could be extracted from the 
whole grain, with water, over a wide temperature range. 

Swine were used as the test animals to determine the presence or absence 
of the emetic principle in the extracts and concentrates. The extracts and 
concentrates were administered by means of a stomach tube. 

The addition of hydroehloric acid to an aqueous extract failed to reduce 
the activity of the emetic principle. Autoclaving aqueous extracts or acidi- 
fied aqueous exti’acts partly inactivated the emetic principle. Incomplete 
inactivation was obtained also by adding sodium hydroxide to aqueous 
extracts. 

The emetic principle was not inactivated when aqueous extracts were 
evaporated to dryness. 

Filtration of concentrated aqueous extracts indicated that the emetic 
principle passed into the filtrates. 

Attempts to free the emetic principle from concentrated aqueous extracts 
by steam and fractional distillations were not snceessful. In all cases tlie 
toxic substance remained in the residues. 

Methyl alcohol proved to be an efficient solvent for removing all the 
emetic principle from the concentrated aqueous extracts. Further purifica- 
tion of the methyl alcohol-soluble material was obtained by extracting con- 
centrated aqueous solutions of the methyl alcohol-soluble material with 
principle was soluble in ether when acid or alkali was 
added to concentrated aqueous solutions of the methyl alcohol-soluble 
material. 

An analysis of the yellow, syrupy concentrate indicated the absence of 
sulphur and the halogens, and the presence of nitrogen. 

The solubility tests, as well as the information obtained from the classi- 
fication tests and attempted derivatives, were of limited value insofar as 
concerned the securing of information concerning the emetic principle, 
because the yellow concentrate probably was impure. 

Alkaloid tests of the yellow concentrate were not too positive. In an 

diSed in “material, the yellow concentrate was 

dissolved in an ether-chloroform mixture and extracted with a 2 per cent 

hydrochloric acid solution. The acid-soluble portion gave positive alkaloid 
tests with Mayer’s reagent, gold chloride, iodine, neutral lead acetate, and 



1941] 


Hoyman : Emetic Principle op Scabby Barley 


885 


pliospliotmigstie acid. A negative test Avas obtained Avitli platinum cliloride. 

Altlioiigb the results indicate that the emetic principle may be an 
alkaloid, the data are insufficient to warrant that conclusion. 

Department op Botany, 

Iowa State College, 

Ames, Iowa. 
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TRANSMISSION OF DIAMOND CANKER OF THE' FRENCH PRUNE 

R A L P H E . S M I T PI 
(Accepted for publication January 28, 1941 ) 

In cliamoncl canker parts of the trunk and branches of the Freneli-priiiie 
tree (Pmnus domestica ysly. Ag*en), become greatly thickened in a character- 
istic manner/ and diamond or oval-shape excrescences appear on the main 
branches, especially at pruning cuts (Fig. 1, A), extending upward and 
suggesting a s.ystemie spread of the disease in the tree. 

Localized swellings or cankers also may appear on the secondary branches, 
on trees that may or may not show the disease lower down (Fig. 1, C). 

A cross section (Fig. 1, B) shows that these thickenings are composed of 
hard, leathery, cork tissue of the bark. 

Badly affected trees have a tendency to send up sprouts from the body ; 
on some of these sprouts, which originate directly from diseased bark, a 
roughening and scurfiness with pimply excrescences is seen (Fig. 1, D) ex- 
tending, in some cases, almost to the end of the current season’s growth. A 
cross section of such a young stem (Fig. 2, A) shows that the roughening is 
caused by the successive formation and pushing out of layers of phellogeii 
and cork cells, much as in the normal bark formation of rough-bark, woody 
stems. The appearance of these bark symptoms on a rapidl}" developing 
shoot may keep pace with its growth for as much as 6 or 8 feet in a single 
season, although other shoots on the same or other trees similarly affected 
in the trunk and body may not show them at all. As sprouts that show the 
bark symptoms grow older, if they are left on the tree for several years, the 
basal portion (Pig. 1, P) develops the typical diamond-canker condition. 
The bark-roughening symptoms tend to concentrate or become more pro- 
nounced at the end of the growth of each season (Fig. 1, E). 

No leaf symptoms have been detected in this disease. 

Many trees show only a few cankers, these being located here and there 
on the sides of the main branches, usually at pruning cuts (Pig. 2, B), and 
most frequently on the south side. These may or may not develop further 
in the tree or branch, in the seemingly systemic manner mentioned above. 

Instances are not uncommon where the appearance of diamond canker 
eommenees in wound-healing tissues, as in a pruning cut (Pig. 2, B), a 
bruise (Pig. 2, D), or a lesion produced by bacterial gumniosis, caused by 
Pliyiomonas cerast (Pig. 3, A), Typical cankers also are seen rather fre- 
(|uently on French prune in top-grafted trees, whether this variety composes 
tlie stock or the top. If the reciproeal portion of the tree is of any other 
species or variety (myrobolan, peach, apricot, or any variety of plum, for 
instance), the cankei* symptoms end abruptly at the union. Trees are occa- 
sionally observed where both stock and top are of French prune * these being 

n 1 disease of tlxe Frencli prime hr California. 

Cal. Agr. Ext. Circ. 67 : 22 p. 1932. 
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trees of tlie ordinary type that have been worked over to supposedly superior 
strains. Trees of this sort often show diamond canker starting* at the union, 
either in the stock or the top or both. All these local inceptions of the dis- 
ease are in places where callus tissue is actively being formed. 

Ill individual orchard trees diamond canker does not, as a rule, become 
noticeable until they are from 6 to 8 years of age. The earliest cases usually 
start as in figures 3, A, and 3, D. Canker tissue forms in wound-healing 
callus on the trunk or at the first forks and, in the worst cases, the condition 
shown in figure 1, A, develops. After the body becomes thoroughly affected 
the systemic-appearing progress of the disease upward in the main branches 
becomes manifest by the appearance of diamond cankers and bark thick- 
ening around pruning cuts and cracks in the bark. After the tree is badly 
affected in this manner numerous veiy vigorous suckers are sent up from the 
body and root, and on some of the former, which originate in cankered baxh, 
the symptoms shown in figure 1, D-F, appear. The spread of diamond 
canker in the tree and the injurious effects of the disease are usually very 
slow. Ill all but the worst eases many years may elapse with little visible 
change - but badly affected trees eventually become stunted and weakened 
and fall prey to secondary enemies like wood decay, fungi, and insects. 

Some trees may show cankers only after they are many years old. These are 
usually at pruning cuts on the limbs and may never develop extensively. 

The inception and development of diamond canker in young prune 
orchards seem, in some instances, to suggest that many of the trees were -***'■ 

already affected with the disease in latent condition when iilaiited, or that ' 

they w^ere peculiarly susceptible to it. In adjoining blocks of trees of this 
variety in the same orchard, purchased from different nurseries, the disease 
sometimes develops abundantly in one block and little or not at all in others. 

In a number of orchards in a given district, where conditions are apparently 

alike, some have much diamond canker, others none. Other observations, on | 

the contrary, point to the conclusion that its development in the orchard is * 

governed by local conditions of some sort. In good-size plantings, where 

diamond canker is present, it often is not distributed with any uniformity 

in the orchard but tends to develop in certain quite definite areas or foci, ^ 

with many normal trees between. This is true, even in blocks of trees such ] ^ 

as those just mentioned, which seem to be predisposed to the disease. The 

most obvious peculiarity of these diamond-canker areas is that they are 

places where conditions are favorable to the occurrence of bacterial gum- h/ 

niosis or, as it is popularly termed, -‘sour sap.’^ Such areas usually are j ^ 

characterized by poor drainage or excessive soil moisture. There appears ',i,i | 

to be a definite correlation in this respect. ],,, 

The nature of the causative factor in diamond canker presents a question ii'’ 

that cannot yet be said to have been solved. The idea was once common in ; ,i , 

California that these diamoiid-eanker trees represented a sport or strain of 
the French prune, rather than a pathological condition, and that all such > |!|i 
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diamond-canker French-prune tree, with rough, swollen bark on 
^ diamond-shape, corky cankers above on main limbs. B. Cross section of a 
± rench-prune branch affected with diamond canker, showing that the swelling is composed 
bark tissue. 0 A localized canker on a branch of French prune. Spread of the 
indicated by the appearance of small diamond cankers on the branch 
swelling. _1). Young sprout of French prune, showing symptoms that sug- 
IlsVjf 4 yeL^oirspr^^^^ Vortion of 3-year-old growth. I. 
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Fig. 2. A. Cross section of 1-year-old Frencli-pruiie shoot, showing the origin of dia- 
mond-canker bark lesions in the phellogen. B. Diamond-canker lesion developing at a 
pruning cut on limb of French prune. 0. Lesion close beside a pruning cut, where the 
bark apparently was injured when the cut was made. D. Diamond canker originating at a 
bruise on a limb of French prune. Upper portion of bruise healing normally. 
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trees, or tlieir parents, had been distributed by one nursery.- It is true that 
some plausibility attached itself to this idea and prune orchards still exist 
where trees purchased from the nursery in question inany years ago have 
developed much diamond canker when similar trees from other nurseries 
and planted alongside show none of the disease. It is also true and of pos- 
sible significance in this connection that the proprietor of this nursery, be- 
fore and during the period when diamond canker came into prominence, 
was greatly interested in the search for desirable sports or strains of the 
French prune and was much addicted to the practise of propagation from 
individual trees of peculiar characteristics. Inquiry shows, however, that 
tliei^e are in California orchards many diamond-canker prune trees that 
were propagated and sold by nurseries other than the one mentioned, in- 
cluding a few that antedate it. 

Since a large amount and variety of culturing of tissues affected with 
this condition has been done over a period of years by several different indi- 
viduals connected with this division, without a,iiy results of apparent signifi- 
cance, and since some of the characteristics of the disease, as indicated above, 
suggest that it may be caused by a virus, grafting and budding experiments 
were started several years ago in order to determine its mode of transmission. 

TRANSMISSION TO SUSCEPTIBLE HOSTS 

Two good-size French-prune trees, badly affected with diamond canker, 
were top-grafted in the main branches about 4 feet above ground, with cions 
of the following kinds: 1, French prune from a tree where no diamond 
canker could be seen in this or any other tree in the vicinity; 2. Stewart 
prune; 3. Sugar prune; 4. Imperial prune; 5. Burton prune. The cut-off 
limbs of the affected French-prune trees showed very definite bark symptoms 
of diamond canker up to the point of grafting. All cions grew, and, com- 
niencing with the second year, typical symptoms of diamond canker could be 
seen progressing from the stocks to the growth from the French-prune cions, 
but not on any of the others. These symptoms became more and more pro- 
nounced for 6 years, when the trees were removed. The results of this ex- 
periment seem to indicate that diamond canker is a transmissible condition 
and not a normal, hereditary characteristic of a special strain or sport of the 
French prune. Also, that the French prune is the only susceptible variety, 
or at least the only one of those tested, showing visible symptoms of diamond 
canker within the duration of the experiment. 

In regard to the possibility of infecting normal French-prune trees with 
diamond canker by grafting them with diseased cions, no satisfactory experi- 
ments luive been completed. Such tests are complicated by the fact men- 
tioned above that diamond canker sometimes develops, in French-prune trees 
top-grafted with strains of the same variety, when both the stock and the 
tree from which the cions were taken are free from visible symptoms of the 
disease. 

iooQ~ «T. Bianioncl canker in Napa Comity. California Cultivator 71: 494. 
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TRANSMISSION THROUGH NONSUSCEPTIBLE HOSTS 

Plantings were made in 1929 of trees of several priinaeeoiis species and 
varieties like myrobolan, almond, peach, apricot, and several plums, but not 
including French prune, as material for testing the transmission of the dis- 
ease through nonsusceptible or symptomless stocks. When these trees were 
2 years old cions of French prune were obtained as follows : Lot G, from trees 
badly affected with diamond canker. Some of the cions showed bark erup- 
tions characteristic of the disease (Fig. 1, D) and others did not. Lots N 
and S, from apparently perfectly normal trees. Cions of these different lots 
were grafted on to the various stocks singly and in combination to see if (a) 
affected cions would produce affected growth, and (b) if diamond canker 
would be transmitted from a diseased to a healthy cion when thej’ were 
grafted upon different branches of a nonsusceptible or syinptoinless stock. 
One cion of each kind was used per tree. 

Symptoms of diamond canker began to show on the growth of some of 
the C cions after the fii’st year. After 8 years, of 24 trees grafted with these 
cions the growth from the cions on 16 of them had the disease. This seemed 
to show no relation to any particular stock. 

On 6 trees grafted with N (normal) cions alone, and on 22 trees grafted 
with both N (normal) and S (normal) the growth was normal. 

On 32 trees grafted with S cions alone, the growth from the cions was 
normal. On 17 trees grafted with both S (normal) and C (diseased) the 
growth from S on 3 trees and the growth from C on the same trees and most 
of the others showed diamond canker. This cannot be taken as absolute 
proof that the pathogenic factor passed through the stock from the affected 
(C) to the normal (S) cions, as some other observations of the disease do not 
accord with this conclusion. Further discussion on this point follows later 
in this paper. 

Three years after the first grafting more refined methods were employed 
by selecting sprouts for cions from 14 different French-prune trees showing 
various degrees of diamond canker. These included one (no. 1) from a very 
badly diseased tree with typical bark symptoms on every cion ; others, just 
as badly affected in the trunk and branches with with no visible symptoms 
on the sprouts; still others exhibiting various degrees of disease but with no 
sprout symptoms; and one tree (no. 2), about 40 years of age, which ap- 
peared to be perfectly free from diamond canker, and in an orchard where 
none of the trees showed the disease. Some of the myrobolan and other 
trees were individually grafted with these various cions, and, on a consider- 
able number, cions of both no. 1 and no. 2 were inserted to see if the disease 
would pass from one to the other through the nonsusceptible stock. Two 
cions of each kind were used per tree in most eases. 

Symptoms of diamond canker began to show on the growth from the 
no. 1 cions after the first year. After 5 years, of 46 such trees, 39 showed 
the disease. Twenty-two trees, grafted with no. 2 (Normal) cions alone, and 
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an of the others (nos. 3 to 14), 2 trees with 2 eions of each, showed none of 
the disease. Of 20 trees grafted with both no. 2 (Normal) and no. 1 (dis- 
eased) (Fig. 3, B) 3 showed diamond canker in the growth from the no. 2 
eions, as well as in that from almost all of the no. 1, Again it may be re- 
marked that a final conclusion is not justified that the pathogenic factor 
passed through the stock from the diseased to the healthy cions. If this 
could occur it seems remarkable that the same pathogenic factor, according 
to the results of our grafting experiments, is not present in a given shoot 
more than a very short distance from visible symptoms of the disease. The 
possibility of the cions having been mixed, or of new infection from the out- 
side having occurred cannot be absolutely excluded. It may be noted, how- 
ever, that out of almost 250 supposedly normal cions used in all these ex- 
periments, the total number (6) that developed diamond canker were all on 
trees^ that had also been grafted with diseased cions. 

In another experiment, nursery-budded French-prune trees were propa- 
gated by the following procedure : (C) Bud sticks from sprouts taken from 
a tree badly affected with diamond canker and with bark symptoms present 
on every stick (Fig. 1, D). (D) Bud sticks from a similarly affected tree, 

but with no visible symptoms on the sprouts. (B) Sticks from an appar- 
ently normal tree in the same orchard. These buds were turned over to a 
nursery with instructions to propagate about 50 trees of each lot on their 
regular myrobolan seedling roots. When the trees were ready for delivery 
18 months later another lot of 50 trees (A) of the nursery’s regular com- 
mercial French-prune trees of the same age was purchased. These 4 lots of 
prune trees, 225 trees in all, were planted out in orchard form in February, 
1934. 

The second year later, trees in lot C began to show diamond canker in the 
trunk above the point of budding, and eventually every tree in that lot 
developed the disease very badly in this manner (Fig. 3, C). By 1941 these 
50 trees were all very badly stunted or dead. All the trees in the other lots 
grew normall}^ and showed no trace of diamond canker up to 1941, except 1 
tree in lot B. In this there began to appear in 1938 a large, typical canker 
at the base of one of the main limbs about 2 feet above ground (Fig. 3, D). 
This canker started in a bacterial gummosis lesion, and had all the appear- 
ance of a local wound infection. Symptoms of the disease ran up this limb 
in the typical, systematic-appearing manner and its growth was noticeably 
stunted. The trunk and the other limbs showed no signs of diamond canker 
up to 1941. All the remaining trees in all lots, except C, had made a normal 
growth up to this time. 

Another set of trees, similar to the last, was propagated and set out in 
orchaixl form in 1936. In this experiment lot G corresponded to lot D 
(normal-looking bud sticks from a badly diseased tree) ; lot H was the same 
as lot B (bud sticks from a healthy-looking tree in a badly affected orchard) ; 
and lot I was the same as lot C (bud sticks showing diamond canker symp- 
These were various myrobolaiis, Marianna, and St. Julian G. 
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toms). The second year some of the trees in lot I began to show the disease 
in the trunk, just above the union; by the next year they were ail badly 
affected. None of the other trees had shown any diamond canker up to 1941. 


DISCUSSION 

There are at least 3 initial possibilities concerning the nature of diamond 
canker: 1. That it is a hereditary sport or strain of the Freiicli prune; 

2. That it results from external infection with some pathogenic* factor; 

3. That it is a virosis. Of these possibilities numbers 2 aiid 3 are not neces- 
sarily opposed to each other. That this condition is not a sport seems to 
have been proved by the first experiment described, where the growdh. from 
normal French-prune cions contracted diamond canker when grafted on 
affected trees. It is significant also that cions or buds taken from diamond- 
Ccinker trees did not produce this type of growth (at least Jiot within 8 
years) unless visible symptoms were present on the parts used for propaga- 
tion. Further evidence that the diamond-canker condition results from some 
external factor is furnished by the fact that sometimes, in grafted French 
prunes, even with stocks or cions of the normal type, the disease develops. 

Much doubt is cast upon the possibility of the causative factor being a 
pathogenic microorganism like a fungus or bacterium, by the non-success of 
much culturing, and by the apparently systemic, virus-like spread of the 
diamond-canker condition in badly affected trees. It is very difficult to 
conceive that any known type of microorganism could develop in the growth 
of young prune shoots in the mangier illustrated in figures 1, D-F, and 2, A, 
to a distance of as much as 6 feet in a single growing season. Moreover, the 
development of the disease in a young tree (Fig. 3, C) or a graft (Fig. 3, B) 
propagated from lesion-bearing material is decidedly of a systemic type and 
not like the spread of a microorganism. If, however, we are dealing with 
a virus, as most of the facts indicate, the fact that buds from symptomless 
shoots taken from trees badly affected with diamond canker do not produce 
diseased growth, at least not within several years, indicates that such a virus 
must be localized in symptom-bearing tissue or quantitatively restricted to 
an unusual extent. 

The original inception of the disease in individual trees cannot, at 
present, be fully explained. While cases like those shown in figures 3, B, 
and 3, C, can be produced in nearly every instance by budding or grafting 
from symptom-bearing shoots, it is incredible that commercial nurseries 
would use such bud sticks to any extent, since they not only look diseased 
but also are hard to find in any quantity. Furthermore, in trees grown 
from such buds symptoms of diamond canker appear promptly at the union 
and extend quite uniformly upward in a systemic manner, whereas eases 
of the disease in oi*chard trees start most commonly as shown in figures 
2, B-D, and 3, A and D, and appear like local outgrowths from wound callus. 
Win this should occur abundantly in some and not at all in other, even 
a(lja(*,ent, prune orchards is another unanswered question. In this and other 
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respects diamond canker shows much resemblance to the disease called 
psorosis or scaly bark of citrus trees, which, in the opinion of Fawcett,^ 
Ehoads,® and Doidge,® is transmitted exclusively by budding from or upon 
affected trees, but which may remain latent in the tree for as much as 30 
years (Doidge) before showing bark symptoms. Even though the causative 
factor is present in the tree, soil and growth conditions may greatly influ- 
ence the visible manifestation of symptoms (Fawcett). 

SUMMARY 

A disease of French-prune trees in California is described. No other 
species or variety of tree is known to be susceptible. 

The trouble is characterized by rough, corky thickening of the bark on 
the trunk and branches, wuth diamond-shape excrescences at places like 
pruning cuts or bark cracks. 

These symptoms usually are first seen on a tree in places where wound 
callus is forming. 

In badly affected trees the disease has the appearance of becoming 
systemic. 

Many attempts to isolate a causative organism from diseased tissues by 
culturing methods have failed. 

The idea that diamond-canker trees represent a hereditary sport or 
strain of the French prune has been disproved, since the disease is trans- 
mitted to normal grafts growing upon cankered stocks. 

When buds or cions were taken from affected trees the disease appeared 
promptly in the resulting growth, if bark lesions were present in the parts 
used for propagation. 

When normal-looking buds or cions taken from the same or other diseased 
trees were used, the resulting growth always appeared normal for the dura- 
tion of the experiments (8 years). 

When normal and cankered cions were grafted on opposite sides of the 
same nonsusceptible stock, the disease in a few eases appeared in the growth 
from the normal grafts. 

Diamond canker of the French prune apparently is caused by a localized 
virus and shows some resemblance in its behavior to the disease of citrus 
trees called psorosis or scaly bark, which has been reported in California, 
Florida, and South Africa, 

Division of Plant Pathology, 

University of California, 

Berkeley, California. 

4 Fawcett, H. S. Scaly bark in relation to propagation of citrus trees. Calif. Citro> 
graph 24: 242-262. 1939. 

sEhoads, A. S. Further light on the nature and cause of psorosis of citrus trees. 
Citrus Indus. 20 : 11, 12, 14. 1939. 

Doidge, Ethel M., and F. A. S. Turner. Psorosis or scaly bark of citrus trees. 
Farming in So. Africa 14: 363-364. 1939. 


CYTOSPORA CANKER OF ITALIAN CYPRESS^ 

Gr E 0 R G E A . Ze N T M y E R 2 

(Accepted for publication January 19, 1941) 

During' the past 12 years a canker disease of the columnar Italian cypress 
(Cupress'us sempervirens L. var, strict a Ait.) has become increasingly prev- 
alent along the southern and central California coast and has assumed 
serious proportions in certain regions, taking a heavy toll of this ornamental 
cypress. This paper presents the results of an investigation on the disease 
begun in 1935, at the University of California, during the course of 'which 
the pathogenicity of a species of Cytospora commonly associated with the 
lesions was definitely established. 

THE DISEASE 

History and Distribution 

The canker was first observed in 1928 in Berkeley and San Diego, Cali- 
fornia, two coastal cities about 450 miles apart. At this time diseased 
material was sent in by property owners to the Division of Forest Pathology, 
Bureau of Plant Industry, U. S. Department of Agriculture, at San Fran- 
cisco. The fungus associated with the lesions was proved to be a species of 
Cytospora by W. W. Wagener, who made subsequent observations on the dis- 
ease (13, 14). 

The disease appears to be limited in occurrence to a narrow belt along 
the California coast ; the distance inland to which it occurs varies with topog- 
raphy but usually has not been found to exceed 4 or 5 miles. It occurs at 
several widely separated localities along the coast : San Diego, Oceanside, the 
Los Angeles beach area, Carpenteria, Santa Barbara, near San Luis 
Obispo, and in the Monterey and San Francisco Bay regions (Fig. 1). 

Hosts Naturally Affected 

The columnar form^ of Cupressus sempervirens is the principal host of 
the parasite. The Cytospora species involved has also been isolated from 
the horizontal form {C. sempervirens L. var. horizontalis Cord.), from 
Monterey cypress (C. macrocarpa Hartw.), and from smooth cypress^ (C. 
glalora Sudw.), but it is actively parasitic on only the first of these last three 
hosts. The horizontal form of G. sempervirens is not commonly grown in 

1 Revision of thesis submitted to the Graduate Division of the University of California 
in partial fulfillment of the requirements for the degree Doctor of Philosophy. The writer 
wishes to express his deep appreciation to Dr. H. N. Hansen of the Division of Plant 
Pathology, University of California, Berkeley, Calif., for his supervision of the work, and 
to Dr, W. W. Wagener of the Division of Forest Pathology, U. S. Department of Agri- 
culture, San Francisco, Calif., for suggesting the problem and for valuable criticism. 

2 Part of the work was done while the writer was Assistant Pathologist, Division of 
h crest Pathology, U. B. Department of Agriculture, San Francisco, Calif. 

3 This form is commonly referred to simply as ^'Italian cypress. '' Where this term 
is used in this paper the columnar form is to be understood. 

4 The name ''Arizona cypress'' is commonly used in California. 
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California ; hence its susceptibility is of little significance in the region. C. 
glahra is apparently relatively resistant to attack by the fungus or to develop- 
ment of the pathogen, even after invasion of the cortical region ; the few 
cankers found on this host in California had caused little damage. The 
fungus has been found occasionally on planted Monterey cypress as a 
saprophyte or weak parasite, associated with dying back of branch tips, and 
gives no indication of being important in the pathology of this tree. In many 
eases the fungus becomes established on Monterey cypress following injury 
to branch tips by fire, salt spray, or wind; after thus gaining entry to the 
host it forms limited lesions that extend slowly down the branches. 



Fig. 1. Known distribution of Cytospora canker on Italian cypress in California in 
1940. Italian cypiess is widely planted in California, in the inland regions as well as 
along the coast. 

All of these cypresses are used as ornamental in California arboriculture. 
Three of them are exotics. Monterey cypress is indigenous to the State, 
growing naturally in very localized groves in the Monterey Bay region. 
The horizontal Italian cypress is native to the general region of southeastern 
Europe and southwestern Asia (the Mediterranean region) (1, 5), whereas 
the columnar form appears to have originated from this horizontal type in 
cultivation. Cupressus glabra occurs in the natural state in the south- 
western United States. 

Description 

The first gross symptom of the disease is the appearance of yellow-green 
foliage on branches bearing the girdling cankers. The foliage turns more 
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Pig. 2. Natural cankers caused by Cytospora eenisia liitoralis on Italian 
A. Young canker centering around small dead lateral, x 1. B. More advance< 
showing eonstrietiou, cracking of bark, resinosis, and stromata, x 1. C. Enlargec 
of canker showing stromata, x S. 
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yellow and finally becomes brown and persists on the branches for some time 
after death, so that these brown “flags” stand out in contrast to the normal 
green foliage. Young branch cankers are smooth and reddish-brown, often 
Lcompanied by slight constriction of the branch and by slight, abnormal 
resin flow (Fig. 2A). Stromata of the pathogen on young cankers are 
barely visible to the naked eye, appearing as minute greenish-topped pustules 
on the reddish-brown cankered surface. The fungus apparently is strictly 
caulicolous ; it has never been found on cypress foliage. In many eases 
small dead branches have been found at the center of young cankers; the 
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1 ^ bodi^ are formed until old cankers become thickly dotted with them 
(hig. 2, C). -When typical, mature stromata of the fungus are sectioned 
horizontally the rather simple locular structure (Pig. 3, A) and the char- 
acteristic strontian yellow (8) of the enclosed spore mass are readily evident. 
Oirrhi do not constitute a common diagnostic feature of Cytospora cankers 
on Italian cypress, though, occasionally, during humid weather, globular 

spore masses are seen at the ostiole. 

Damage 

As an example of possible severity of attack, as many as 30 branch 

Sft^Par observed on a 

2o-ft. Italian cypress. Trees 30 ft. high and 6 in. in diameter at the base 

ave succumbed within a year after entrance of the fungus by natural means 

^rtXti^ 

1 "aV dSrincf’ T^f T -u\t 

f eir ‘fix: sr 

r rs ‘sr 

tiees up to 5 years old have never been found diseased nossiblv k 

..try f„“a^ “ ■”« K.™ terved .. points ot 

isXf jLT'r,” " " "•> 

diseased. By 1938 20 trees had Kap ^ area were 

Thih^tir -e“ :rrcar:f 

difficult to find trees. It is rather 

very few other trees are adantable f ^ ^ eo umnar ornamental tree field ; 
that elimination of Italian cypress mte formal type of planting, so 

would be a distinct loss. ^ cities by Cytospora canker 

ETIOLOGY 

Inoculation Experiments 

10 JttX‘x cZZt ‘z t: ™"»- 

sistently appeared in culture No appredSi] Cytospora has eon- 

teristics has been observed either in^iunf variation in cultural charac- 

j in mass or monoeonidial isolates. 
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Sixteen S-year-old Italian cypresses were inoculated by the sM metliod 
described bv Meinecke (6) at 2-week intervals during tbe fall of 1936^and the 
spring aiufearly summer of 1937. Several inoculations and one check slit 
were made on each tree. In most cases mycelium and a small piece of at- 
tached agar from the culture were introduced into the slit in the cortiea 
tissue; in a few instances highly concentrated suspensions of conidia were 
placed in the cuts. The inoculation cuts were wrapped with adhesive tape 

to prevent too rapid desiccation. ^ t ^ 

Of 50 inoculations made at different times during the year, 38 resulted m 
production of cankers with consequent resin flow and formation of stromata 
inkers were formed on 14 of the 16 trees inoculated. Two of the trees died 
within 12 months, and canker development was sufficient on fl other tiees at 
the termination of the examinations to enable one to predict them eai y 
death. Keisolation confirmed the pathogenicity of the species of ^^2/ owa, 
as the same organism was recovered in culture. e e ec^ were a ^ 
tive. Of the 39 mycelial inoculations made between September 16, 1936 and 
Auril 15 1937 34 or 87 per cent, were successful. Of the 11 myeelia 
oculato male Wwu April 29 aal July 25, 1937, ouly 4, or 36 per 
were successful; in addition, 8 inoculations, using spore suspensions tom 
this latter period were unsuccessful. The method of protecting the tos 
after inoculation, merely covering them with adhesive 

to provide highly favorable unnatural conditions to aid the fungus in its 
leiopruL. and »ilh Ure advent .£ warmer weaker the .noenlnm may 

'“'';“dr;Sniationa were mad. on of 3 ->> — 

oTpreseea In each ease a small, definitely hmited canher was formed; these 
SerrevtmdS but a short distance in 18 months and the fungus could 
not be recovered from them, indicating that the host had snceessfully walled 

off the incipient infections. 

The Causal Organism 
Morphological and cultural 

Cu™c“e X’r avaiSle species on varions other eoniferous hos^- 
pZTecL of Cyfospo™ have been 

Sri 7 i (3) i each is very distinct from dm 

LL cypress’ paihogen, mainly because of the occurrence of numerous 
Italian ^ although other differences are apparent. 

thVspeeief rc^ f le» 

semhles sMciiuens of C ocMtu Saco, and C. d«Sy> Sacc., which have been 
sembles specimens or o. sn in North America and Europe, 

described as J features of the short descriptions given 

respectively (7, 9, 10). i^e Potest Pathology, TJ. S. 

5 The writer is indebted to for furnishing a number of the cultures; 

Department of Agriculture, Kew j’ Ontario for suggestions and information on 
and to Professor John Dearness, London, Ontario, gg 

conifer-inhahiting Cytospora species. 
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for G. cenisia by Nitsebke (7) and Saecardo (9) coincide closely with those 
of the Italian cypress pathogen. Exsiccati specimens of 0. cenisia from 
Juniperus virginiana and specimens of this fungus collected from the same 
host in Connecticut resemble the California Cytospora morphologically 
with minor variations, but are culturally different. The minor morphologi- 
cal variations include the presence of a very definite border of tissue de- 
limiting the outer edge of the stroma in the ease of the Italian cypress 
pathogen (Pig. 3, A), whereas in C. cenisia the periphery of the stromatal 
tissue IS not so definitely outlined; and the extemsion of the eonidiophores of 

the cypress pathogen is farther into the locular cavity than is the case with 
C. cenisia. 

The descriptions of Cytospora duhyi (7, 9) include stromata with many 
small loeules as one of the primary characters ; all of the exsiccati specimens 
examined bore stromata with few loeules resembling those of C. cenisia and 
of the Italian cypress pathogen. Because of this discrepancy and the close 
morphological resemblance between the Italian cypress pathogen and C 
cemsia, it was considered advisable to designate the pathogen as a form of 
C. cemsta, 

separate necks leading into a smiiU common tissue, usually radiating, with 

exten^npome distance into the cLties, simplf w brSe' 78 ° 5 l 5 xl 5 T^®- 
ronCSSt’. x i.0(0.il.5) 

center Cahf7n“ along the coast of southern and 

caespitos^s, simplFeibus vel rarnofe 8 7l5 x ^ ®“f"“datis; conidiopLris 

(3.0-7.2)xl.0(?.6--1.5);.im“onFi?cac^^^^^^^^ allantoideis, hyalinis, 4.6 

W, rjr ;Ll;’S!eaSS^ C. «aoro- 

Speeimens have been deposited in the herbarium of the Division of Plant 
athology. University of California, Berkeley, Calif. ; and in the mycological 
eoUeetions of the Bureau of Plant Industry, U. S Departmen/of Ao-ri 

culture, Washington, D. C. Specimens are also filed in the collections ot the 
Division of Forest Pathology, San Francisco, Calif. the 

onlv aTuTT ^ type of loculation with usually 

stroma and the mature 

oma and IS further characterized by a prominent border of stromatic 

6ThP ••+ • ■ 1 loeules around a central column (Fig 3 B) 

Bureau of SiFt In^dStr^ W o^rSFulfur^r/?^^ 
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The conidiophores of the pathogen occur in clumps. Groups of them often 
extend some distance out into the pycnidial cavity, giving the appearance 
of poorly developed loculation within the pycnidium itself. 

Spore germination is of the type apparently common to all species of 
Cytospora. Germination is satisfactory on agar plates ; the spores swell to 
from li to 2 times their length and from 3 to 5 times their width within 48 
hours, and become nearly ovoid, losing all resemblance to the original allan- 
toid form. Germ-tube formation is commonly monopolar, but occasionally 
it is bipolar ; branching is not common on tubes less than 90 p long. 

The structure of the stroma has been found to be a reasonably constant 
differentiating character in the species of Cytospora studied in this investi- 
gation. Diedeeke (2) and Gutner (4) have maintained that classification 
of members of the genus Cytospora should be based on the structure of the 
stroma, the number and arrangement of locules within the fruiting 
body. This character is of taxonomic value chiefly if horizontal sections 
of the stromata are studied, as use of vertical sections alone gives too much 
opportunity for variation of the locular picture with varying orientation of 
the stromata. 

It would seem that the confused taxonomy of the genus Cytospora should 
be clarified by revision of the genus along the lines proposed for the genus 
Fusarium by Snyder and Hansen (11) . In the case of the genus Cytospora 
the structure of the stroma would be one of the primary morphological 
characters in formulating species, while physiological differences would 
serve as bases for designating forms, following the method used by Snyder 
and Hansen in reclassifying the section Elegans of the genus Fusarium, 
Such a method would reduce the present inordinately large number of 
species of Cytospora to a small group that could be worked with convenience. 
It is with this idea in mind that the Italian cypress pathogen is given a form 
name in the species Cytospora cenisia. 

Temperature delations 

The Italian cypress pathogen is a rather low-temperature organism, as 
shown by measurement of growth of several isolates in temperature chambers 
set at 3-degree intervals. These measurements were supplemented by 
further temperature studies at the upper end of the range, using chambers 
set at 1-degree intervals. Conclusions were based on the average growth of 
3 plates for each of 3 isolates at each temperature. The minimum tempera- 
ture for growth ot C. cenisia littoralis was found to be approximately 1° C., 
the optimum close to 19° C., and the maximum 25° G. Average colony 
diameters after 13 days growth on agar plates were as follows : 1°, 0 mm. ; 4°, 
10 mm. ; 7°, 19 mm. ; 10°, 37 mm. ; 13°, 55 mm. ; 16°, 68 mm. ; 19°, 90 mm. ; 
22°, 83 mm.; 25°, 6 mm.; 28°, 0 mm. In contrast to the pathogen, 2 
saprophytic species of Cytospora from Italian cypress and several other 
species of Cytospora of more cosmopolitan distribution grow well up to 
34° C. 
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This low temperature requirement of the pathogen seems related to the 
known occurrence of the disease only in the cool littoral zone in California. 
Study of temperature records at various localities along the California 
coast, as compared with inland stations, lends factual support to the above 
indication. For several stations the average number of hours per year with 
temperature of 25'' C. or over and of 1° C. or under was determined, based 
on thermograph records for the period 1934-1936, inclusive. In two coastal 
cities, San Diego and San Francisco, where the disease is common and 
destructive, it was found that during only 1.5 and 1.2 per cent of the hours 
per yeai’, respectively, was the temperature unfavorable for growth of the 
fungus. The inland cities, on the contrarj?-, present temperature conditions 
increasingly less favorable to the fungus as the distance from the coastal 
region increases (Table 1). The climate of the coastal region is influenced 

TABLE 1. — Temperature in relation to presence of Cytospora canlcer at several 
localities in California 


Station 

Distance from 
ocean (miles) 

Disease 

conditions 

Average hours 
temperature o^ 
or under minin 
by C. eenisi 

No. 

per year with 
7er maximum 
lum tolerated 
a littoralis 

Per cent 

San Diego 

¥ 

Canker present 

133 

1.5 

San Eranciseo 


Canker present 

104 

1.2 

Los Angeles 

13 

No canker fonnd 

737 

8.4 

Sail Bernardino 

50 

No canker found 

1848 

21.0 


a Distance from bay. Distances based on locations of U. S. Weather Bureau stations 
during the period 1934-1936. 

by the prevailing westerly winds blowing from off the ocean ; hence it is of the 
maritime type. At varying but relatively short distances inland this in- 
fluence is disturbed by the presence of foothills and by the main Coast Range 
Mountains, with the result that the inland regions are characterized by con- 
siderably greater variations in temperature, little fog, much warmer summer 
temperatures, and higher average temperatures. 

Cultural Character 

Cytospo7'(i cenisid littoTdlis grows readily on a wide variety of culture 
media, with best growth on potato-dextrose and malt-extract agars. Stromata 
develop on several media; most rapid and abundant formation occurs on 
sterilized elderberry or fig stems, on sterilized oats and wheat, and on malt- 
extract agar. The mycelium grows slowly, first appearing rather sparse. 
Upon full development on potato-dextrose agar the mycelium is closely com- 
pacted, irregularly zonate, with some aerial hyphae growing in tufted 
fasliion, white with occasional streaks of pinard yellow (8), and with small 
gieenish stromata formed along the edges and in the lower third of the 
slant (Fig. 3, C). The agar becomes convoluted at the point of inoculation 
blit undergoes no color change. Cirrhi are not commonly formed in culture 
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on the varions agar media; they occasionally exude from the fruiting bodies 
after two or three months growth on potato-dextrose agar. They are nii- 
merons on stromata formed on steamed oats or wheat. 

Canker Growth Increment 

Measurements of canker growth were conducted on inoculated and on 
naturally infected trees in Berkeley. The average increase in length at- 
tained by 12 of the natural-infection cankers in 3 months was 14.7 cm., with 
the range of increase from 4.5 to 32.0 cm. These measurements involve 
cankers on various-size stems, but they all cover the period from July 18 to 
October 17, 1937. The average length of 38 artificially produced cankers 
in 3 months was 5.2 cm., with lengths ranging from 1.5 to 14.0 cm. at the end 
of that period. These measurements were made on cankers resulting from 
inoculations on stems of different size and at different times of year. In- 
oculation slits on these trees were usually from i to -| cm. long. 

CONTROL MEASURES 

Although no work has been done on control measures, certain suggestions 
can be made on the basis of observations during the course of this investiga- 
tion. Thorough spraying of a dense-foliaged tree, such as Italian cypress, 
is rather difficult, hence other preventive measures should be used to keep 
trees free from canker. Wounding should be avoided, and pruning cuts 
should be protected with some substance such as Bordeaux paint with 
linseed oil, or asphalt paint. Chafing injuries from supporting wires or 
ropes and injuries at the base of the trunk made by garden tools should be 
guarded against in particular. Branches that are shaded out or that die 
from other causes should be removed at the point of connection with living 
tissue to prevent the fungus from entering through them. In established 
cases of disease, side branches bearing cankers should be cut off at least 6 
inches below the last sign of the canker, and the wounds protected as men- 
tioned above. In the case of well-developed cankers on the main trunk the 
safest policy is to remove the entire tree and burn it. 

Spread of the disease over wide distances in California has apparently 
been due to entry of diseased nursery stock into previously disease-free 
areas. If Italian cypress cultivation is continued to any extent, close watch 
should be kept of disease-free districts, and immediate eradication of any 
cases of disease should do much to control the canker. Spread is not so 
rapid nor are all specimens so severely attacked but that district sanitation 
measures could provide control. Wind apparently plays little if any part 
in distribution of the organism, on the basis of negative results in the ex- 
posure of agar plates near infected trees following periods of rainfall. 
Local spread is apparently largely traceable to dissemination of spores on 
pruning tools, to washing and splashing of spores by rain, fog, and dew, and 
to some extent by a natural agent, the identity of which has not been 
established. 
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SUMMARY 

A canker disease of tlie columnar variety of Cupressus sempervirens {C, 
sempervirens L. var, stricia Ait.) caused by Cytospora cenisia Sacc. forma 
liUoralis forma nov. is described. Cankerous lesions, with accompanying 
resinosis, are formed on branches and trunks of this ornamental cypress j 
the disease occurs in the coastal regions of southern and central California 
and has not been found more than four miles from the coast line in these 
regions. The disease has been present for at least 12 years in the San Diego 
and San Francisco bay regions. 

C. sempervirens stricta, the Italian cypress, is the principal host of the 
pathogen. The disease also occurs on the horizontal form of 0. semper- 
virenSj on C. glabra to a limited extent, and the fungus has been found on 
Monterey cypress as a saprophyte or weak parasite. 

In certain localities the disease has assumed epiphytotic proportions. 
Many trees have been killed by the pathogen and others have been ruined 
for ornamental purposes. Inoculations on 16 Italian cypresses ranging 
from 5 to 10 feet in height resulted in the death of 2 of the trees within 12 
months and in severe canker development on 9 other trees. 

The pathogen will not grow in culture at temperatures above 25° C. ; the 
optimum is near 19° C. This fact apparently has a bearing on the 
occurrence of the disease only in the cooler coastal regions of California. 

Department op Plant Pathology and Botany, 

Connecticut Agricultural Experiment Station, 

New Haven, Conn. 
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HOST-PAEASITB EELATIONSHIPS IN PINK ROOT OF ALLIUM 
CBPA. II. THE ACTION OP PHOMA TERRESTRIS ON 
ALLIUM CEPA AND OTHER HOSTS"- ^ 

W . A . Kreittzers 
(Accepted for publication January 29, 1941) 

INTRODUCTION 

Pink root is one of the serious diseases of the onion in Colorado. Its 
causal agent has been found in the soils of a majority of onion fields on the 
Eastern Slope of the State, and in a few on the 'Western Slope. 

Although this disease has received the attention of certain investigators 
(1, 2, 3), a review of the research thus far conducted emphasizes the need 
for more knowledge on the relation of the causal agent, Phoma terrestris 
Hansen, to the onion and to other possible host plants. In addition more 
information is needed on the role of P. terrestris as a possible agent predis- 
posing onion bulbs to attack by Fusarium vasinfectum var. zonatiim. It is 
the purpose of this paper to present certain findings relative to these 
subjects. 

EXPERIMENTAL 

The Action of the Pathogen on Onion Roots 

In order to investigate the action of Phoma terrestris on onion-root tis- 
sues, Yellow Globe Danvers onion seeds were surface-sterilized and germi- 
nated under sterile conditions on potato-dextrose agar. After 6 to 8 days, 
seedlings in plates showing neither fungal nor bacterial growth were trans- 
ferred to Petri dishes containing 14-day-old cultures of a recent isolate of 
P. terrestris. Care was taken to place the seedlings at the edges of the 
cultures, which were then incubated at 25*^ C. The seedlings were removed 
at 12-hour intervals, cut into small pieces, killed, and fixed. A second lot 
of sterile seedlings was removed and planted in steamed soil into which the 
pathogen had been introduced. These seedlings were removed at 7-day 
intervals, cut into small pieces, killed, and fixed. The material was then 
cleared, embedded in paraffin, sectioned, and stained, using standard 
procedures. 

The Mechanism of Invasion. — Onion roots grown in artificially infested 
soil and those placed adjacent to the edges of cultures of the pathogen 
showed the same general type of invasion. The fungus first appeared on 
the surface of young roots as small, irregular, colonies. Such growths were 

1 Taken from a part of a thesis submitted to the graduate faculty of Iowa State 
College in partial fulfillment of the requirements for the degree. Doctor of Philosophy. 

2 Approved by the Director of the Colorado Agricultural Experiment Station for 
publication as Paper No. 113, Scientific Journal Series. 

3 The writer wishes to express his appreciation to Dr. S. M. Dietz of the Department 
of Botany and Plant Pathology at Iowa State College, and to Dr. L. W. Durrell of the 
Department of Botany and Plant Pathology at Colorado State College, for helpful advice, 
criticism, and assistance. 
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seen readily wlien the roots were cleaned in water, stained in hot cotton-hlne 
lacto-phenol solution, mounted and examined microscopically in the un- 
erushed condition (Fig. 1, A). The hyphae of the pathogen stained a deep 


Pie. 1. Invasion of the onion root by Fhoma terrestris. A. Initial sta^e showing a 
small colony-like growth of the fungus on the surface of a young root. B. fhf^nTalon 

section observed in sueb afiEected tissue. C. Transverse 

section Of a root ^ust hack of the promeristem showing early cortical invasion D The 
pyenidial pnmordra of T>. terrestris in the cortical cells of an iXeted Sn ro^t. 

blue, leaving the surface of the root relatively colorless. Primary-invasion 
hyphae were observed as a result of the deep stain taken by the external 
hyphal segment, m contrast with the lack of stain in that portion of the same 
segment within the epidermal cells. 






fc.#;‘fe#.?/-'j 


1941] Keeutzee; Phoma teeeestris on Onion and Other Hosts 909 


After entering the yoting root, the fungal hyphae proceeded in all direc- 
tions from the point of primary invasion, ramifying throughout the cortex, 
intra- and intercellularly. Examination of prepared root sections revealed 
cases of hyphal constriction where the walls of the cortical cells were pene- 
trated (Fig. 2, C). Pigmentation usually was confined to the hyphae of 


Fig. 2. Invasion of the onion root and outer bulb-scale tissue by Phoma terrestris. 
A. Longitudinal section showing the affected root cap; the darker areas are filled with 
the stained hyphae of the pathogen. The promeristem shows no invasion. B. Longi- 
tudinal section showing hyphae advancing through the cortex of the root. C. Hyphal 
constriction at the point of penetration of a cell wall in the cortex of the root. J>. Trans- 
verse section illustrating the final stage in the root showing the completely invaded and 
necrotic tissues. E. Blemish of the outer bulb scales of white onion (variety Southport 
White Globe) is shown by the two plants on the right. F. The invaded outer scale tissue 
of the onion bulb, showing the profuse stained mycelium of the pink-root organism. 

the pathogen (4), although observations frequently revealed that there had 
been some apparent diffusion of the coloring substance into invaded cells. 
The pigment was not manifested in non-invaded cells. The extensive dif- 
fusion of pigment mentioned by Hansen (3) was not observed. Generally, 
in cases of artificial inoculation, the fungus appeared to sweep across the 
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cortex in a hyphal mass (Fig. 1, C and Fig. 2, B). Under such conditions 
the root soon collapsed (Fig. 2, D). 

Invasion of Onion Boot Tips . — Since protoplasmic responses to invasion 
in the cells of the cortex conld not be ascertained with any degree of cer- 
tainty, the reaction of the meristematic and root-cap cells was studied. 
Microscopic examination of prepared root-tip sections revealed a condition 
such as that shown in figures 1, B and 2, A. As shown by the former figure, 
the invaded root-cap tissues soon collapsed, showing only the vestiges of 
distorted cell walls. Cells into which fewer hyphal segments penetrated 
revealed plasmolysis of their contents and distortion of the nuclei, which 
latter frequently failed to take or to retain a safranin stain. Cells adjacent 
to those invaded, but apparently not parasitized, showed slight plasmolysis. 
In no ease was the promeristematic region invaded. 

Pycnidial Primordia . — These bodies were first seen by Hansen (3), who 
described their occurrence in onion-root tissue invaded by Phoma terrestris 
and in cultures of the fungus growing on cornmeal agar. Hansen con- 
sidered them to represent an early stage in the formation of pycnidia. 
Microscopic examinations of pinkened onion roots obtained from naturally 
and artificially infected plants have revealed the invariable presence of 
pycnidial primordia in the cortical and epidermal tissues (Fig. 1, D). Such 
observations have been verified by isolations. These bodies were, moreover, 
always present in yellow and yellow-brown roots, infected by Phoma ter- 
restris (4). Although pycnidial primordia almost invariably appeared in 
30- to 90-day-old stock cultures of the organism growing on potato-dextrose 
agar, in the case of only one isolate were they observed to develop iiato 
pycnidia. 

The Action of the Pathogen on Onion Bulbs 

As noted by Hansen (3) and Davis and Henderson (1), the pink-root 
fungus did not invade the living tissues of the onion bulb. Numerous trials 
were conducted in which bulbs of standard varieties, such as the Yellow 
Globe Danvers, Red Wethersfield, and Southport White Globe, were inocu- 
lated with Phoma terrestris. In no instance was any invasion of inoculated 
bulbs by the fungus observed. However, when sets or mature onion bulbs 
of varieties, such as the Silverskin or Southport White Globe, were grown 
in soils previously infested with the pink-root fungus, it was observed that 
they showed pink to purple-red outer scale blemishes 7 to 21 days following 
planting (Fig, 2, E). Bulbs grown in noninfested soils did not show this 
condition. Microscopic examinations of portions of such discolored tissues 
revealed the presence of fine, intricately branching hyphae (Fig 2 F) and 
isolations from such areas yielded the pink-root fungus in the majority of 
instances. In yellow or red varieties, such as the Yellow Globe Danvers or 
Red Wethersfield, invasion was manifested by the appearance of water- 
soaked areas on the outer scales. Examinations of numerous commercial 
lots of set bulbs or mature onion bulbs almost invariably showed a number 
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of bulbs thus affected. The piiik-root fungus has been isolated in several 
instances from the discolored scales of white onion bulbs taken directly from 
the field. In addition, examination of such affected tissues usually revealed 
the presence of pycnidial primordia. No invasion from the affected dead 
outer scales into the living leaf tissue of the bulb was observed. 

Fungi mentioned in the literature as being capable of attacking the 
scales of onion bulbs producing unsightly blemishes are Macrosporium porri 
EIL, M. parasiticum Thiim. (8), Collet otrichum eircinans (Berk.) Voglino 
(9), and Phoma alliicola Thiim. (7, 9). The last named fungus, according 
to Walker (9), ''produces small black pycnidia which are often difficult 
to distinguish macroscopically from the stromata of the smudge fungus 
{Collet otrichum eircinans) . There is apparently no evidence of the effect 
that P. alliicola will invade onion roots. In addition no true pycnidia were 
found during the present study on scale tissues attacked by Phoma terrestris. 

Effect of Pink Eoot on the Incidence of a Bulb Decay Caused by 
Pusarium vasinfectum var. zonatum 

Davis and Henderson (1), in studying the relationship between a basal 
bulb-rot of onions caused by Fusarium vasinfectum var. zonatum f. 1. and 
pink root, reported that the bulb-rotting pathogen caused semi-dry rot of 
onion bulbs in the field and in storage. It did not, however, attack the roots 
or bulbs, except following injury or initial invasion by Phoma terrestris. 

In order to ascertain whether root attack by Phoma terrestris would 
affect the incidence of bulb-rot induced by local bulb-rotting isolates of 
Fusarium, a study was conducted with 3 isolates which were identified as 
cultures of Fusarium vasinfectum var. zonatum and had been demonstrated 
to be quite pathogenic to injured onion bulbs, and 5 other unidentified cul- 
tures of Fusarium which had been obtained from onion roots showing pink 
root, but had been found to be only weakly pathogenic to injured onion 
bulbs. Since it had been observed that cultures of P. terrestris obtained 
from various localities in the State frequently differed considerably in 
virulence, one of the more virulent of these isolates was used in the study. 

Large Southport White Globe onion-set bulbs were selected for both 
size and appearance, washed, treated with a 0.2 per cent solution of HgCL 
for 15 minutes, and then rinsed with sterile water. Two hundred and 
seventy bulbs were selected and individually injured by thrusting a sterile 
needle through the stem. Two similar lots were kept free from injury. 
The lot of injured bulbs was planted deeply, 3 to a container, in steamed 
4-in. pots containing steamed soils infested singly with all the different 
isolates of Fusarium. A lot of uninjured bulbs was treated in the same 
fashion. The second lot of uninjured bulbs was planted in a like manner 
in pots containing soils infested with one of the following organisms or 
combinations of organisms: Phoma terrestris, P. terrestris -v Fusarium 
vasinfectum YSiY. zonatum, and P. terrestris F. vasinfectum var. zonatum -\- 
one of the unidentified isolates of Fusarium. A total of 8 g. of inoculum 
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Figure 3, left, shows the effect of planting an injured bulb in soil 
infested with Fiisarmm vasinf echini var. zonatum. It will be observed that, 
although the bulb was almost completely decayed, the roots were unaf- 
fected. In figure 3, right, is shown the result of planting an uninjured bulb 
in soil infested with cultures of P. terrestris and F. vasinfectum var. 
zonatum. Scale invasion and root attack by the pink-root pathogen are 
evident, but the bulb is unaffected. 

The Action of Phoma terrestris on Hosts Other 
Than Allium cepa 

In studying the resistance of some of the cultivated species of Allium to 
Phoma terrestris, Porter and Jones (6) found that, although garlic, 
A. sativum L., and shallot, A. ascalonicum L., were susceptible, the Nebuka 
onion, A. fistulosum L., leek, A. porrum L., and chives, A. schoenoprasum L., 
were extremely resistant. 

In 1929 Hansen (3) reported that he had isolated Phoma terrestris from 
potato tubers, Solanum tulerosum L., and from lesions on the roots of cow 
pea, Vigna catjang Walp., and Lima bean, Phaseolus lunatus L. 

In order to investigate the probability of other common crop plants being 
attacked by Phoma terrestris, a study was undertaken that was confined 
to the types of standard field crops which might be expected to precede or 
to follow onion plantings. A soil mixture (1 part sifted sheep manure, I 
part sand, and 4 parts loam) w^as steamed for 3 hr. at 17 lb. pressure and 
placed in 15 well-washed flats and allowed to cool. Into the soil of each 
of 10 of these flats 40 g. of ground wheat inoculum (45-day-old culture of 
Phoma terrestris) was introduced. As a control measure 40 g. of ground 
steamed wheat was added to the soil in each of the 5 remaining flats. The 
ground inoculum and steamed wheat were mixed thoroughly into the soil, 
and the flats were then allowed to stand for a few days before planting. 
At the end of this time seeds of 28 crop plants other than onion were 
planted in the flats in rows. Between each of these rows a row of Mountain 
Danvers, Red Wethersfield, or Riverside Sweet Spanish onion seed was 
planted as a control. Observations and isolations were made 30 days follow- 
ing planting. This test was repeated, employing the same methods and 
varieties of seeds. 

Phoma terrestris attacked the roots of seedlings of 19 different crop 
plants. Pink root was severe or moderate on Mountain Danvers and Red 
Wethersfield onion; Black Amber cane sorghum, Sorghum vulgare var. 
saccharatum {li.) Boerl. ; Early Fortune millet, Pani cum miliaceum L. ; 
Davis Perfect cucumber, Cucumis sativus L.; Oxheart carrot, Daucvs 
carota L. ; and spinach, Spinacia oleracea L. Light root attack was observed 
on Edwards pea, Pisum sativum L. ; Brunker oats, Avena sativa L. ; Trebi 
barley, Hordeum vulgare L. ; Komar wheat, Triticum aestivum L. ; Improved 
Golden Bantam sweet corn, Zea mays L. var. saccharata Sturt. ; Minnesota 13 
dent corn, Zea mays L. var. indentata Sturt. ; Hubbard squash, CiLcurlUa 
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maxima Due. ; Golden Honeymoon cantaloupe, Gucumis melo L. var. reticu- 
latus Naud. ; Extra Early Osage miiskmelon, Gucumis melo L. var. re- 
ficulatus Naud.; John Baer tomato, Lycopersicum escuUnhmi Mill. ; New 
York Improved eggplant, Solamim melongena L. Yai\ esculentum Nees; and 
Super Snowball cauliflower, Brassiea oleracea L. var. lotrytis DC. A light 
attack was observed also on the Sweet Spanish onion. This variety has been 
reported by Porter and Jones (6) as less susceptible to attack by Phoma 
terrestris than other horticultural varieties. Those plants showung no symp- 
toms of pink root were Giant Musselberg leek, Allmm porrum L. ; soybean, 
Glycine hispida Maxim. ; Pinto bean, Phaseolus vulgaris L. ; red clover. 
Trifolium pratense L. ; sweet clover, Melilotus alia Desv. ; alfalfa, Medicago 
sativa L. ; Oshkosh and World Beater pepper, Gapsicum annuum L. ; Stem 
Holland cabbage, Brassiea oleracea L. var. capitata DC. ; Hollow Crown 
parsnip, Pasiinaca sativa L. ; Early Blanching celery, Apium graveolens L. ; 
Pioneer sugar beet. Beta vulgaris L. ; Black Seeded Simpson lettuce, Lactuca 
L. ; and Earliana tomato. 

Although showing no characteristic pink-root symptoms, tissue plantings 
from the water-soaked roots of World Beater pepper and soybean on nutri- 
ent agai’, yielded cultures of Phoma terrestris. The pink-root organism was 
isolated from the roots of onion (all varieties used), soybean, millet, oats, 
John Baer tomato, World Beater pepper, carrot, and spinach. The fungus 
was obtained also from the pericarps of germinating caryopses of barley, 
wheat, and corn (both varieties used). The control plants growing in flats 
containing the steamed, noninfested soil were healthy. 

SUMMARY 

Phoma terrestris, the causal agent of pink root of onions, formed small, 
colony-like growths on onion roots; invasion was effected by means of hyphae 
showing characteristic constrictions at the point of entrance. Having once 
gained access to the inner tissues, the hyphae ramified throughout the 
cortex, eventually forming the cellular agglomerations known as pycnidial 
primordia in the cortical and epidermal cells. Under conditions favorable 
for the growth of the organism, affected roots then underwent complete 
necrosis. Invaded cells near the promeristematic region revealed plasmol- 
ysis of their contents and nuclear distortion. The nuclei usually failed 
also to take or retain a safranin stain. Cells showing no invasion, but ad- 
joining those containing the hyphae of the pathogen, revealed a slight 
plasmolysis of their contents. 

Although the pink-root pathogen did not invade the living leaf tissue 
of the onion bulb,^ it invariably did attack the dead outer scale tissue of the 
bulb. Such invasion, because of the typical reddish discolorations produced, 
was more evident in the case of white onions than in that of the colored 
varieties. 

No evidence was obtained to the effect that root attack by P. Urrestris 
enabled isolates of the bulb-rotting pathogen, Fusarium vasinfectum var. 
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zonatimiy to invade and rot previously uninjured bulbs. Isolates of the 
latter fungus readily attacked injured bulbs but failed to affect them when 
they were not injured. 

Phoma terrestris attacked the roots of numerous young crop plants other 
than onion. Plants shown to be susceptible to attack were soybean, pea, 
cane, millet, oats, barley, wheat, corn, squash, cucumber, cantaloupe, musk- 
melon, tomato, pepper, eggplant, cauliflower, carrot, and spinach. 
Department op Botany and Plant Pathology, 

Colorado State College, 

Fort Collins, Colorado. 
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THE BUCKSKIN DISEASE OP CHEEKY AND OTHER 
STONE FRUITS 


T. E. Rawlins and H. Earl Thomas 
(Accepted for publication January 22, 1941) 

Evidence was presented in a previous publication (5) indicating that the 
virus causing the buckskin disease of sweet cherry (Prunus avium) in Cali- 
fornia also causes a destructive disease of peach (P. persica). The symp- 
toms produced by this virus on peach and western chokecherry {Prunus 
demissa) are very similar to, if not identical with, those repoi’ted in other 
States on infected peach and eastern chokecherry {Prunus virginiana), 
where the disease has been called X-disease or yellow-red virosis. Since 
it apparently is becoming one of the most important viroses of stone fruits, 
it appears desirable to present at this time additional information regarding 
the disease in California. 

PREVALENCE 

The disease in cultivated sweet cherry is known in Contra Costa, Napa, 
Solano, and Sonoma Counties. Thus far the peach orchards in the State 
with any considerable number of infected trees are rather consistently asso- 
ciated with affected cherry orchards. No extensive infections, however, have 
thus far been found on peach in the vicinity of the severely affected cherry 
orchards of the Napa area; as will be shown later, the disease in Napa ap- 
pears to be distinct in several ways from the type prevalent on cherry and 
peach in Green Valley, Solano County. A few infected peach trees have 
been seen in Santa Clara and Merced Counties at some distance from known 
cherry trees, cultivated or wild. No natural infections have yet been found 
in the State on Prunus demissa; this species has not been found near affected 
orchards. Although the virus causing this disease, or closely related strains, 
is widely distributed in the cooler States, it does not seem to be prevalent 
in the warmer areas. It is of special interest, therefore, to know whether the 
virus is able to persist or produce symptoms in the warm interior valleys of 
California. Seemingly typical symptoms have recently been observed in 
several trees of the Phillips Cling peach at Merced, in the relatively hot San 
Joaquin Valley. Cions, moved to Berkeley and grown in the greenhouse, 
have exhibited typical symptoms. 

SYMPTOMS 

The symptoms of the disease of sweet cherry described in earlier papers 
(2, 3) were those observed primarily in Green Valley, Solano County, Cali- 
fornia. It has been apparent, however, for several years that the symptoms 
in certain orchards of adjacent Napa County are distinct. Since the evi- 
dence to be presented indicates that the Green Valley and Napa viruses are 
distinct strains, the symptoms observed in each district will be treated in 
some detail. 
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Symptoms on Sweet Cherry (Primns avitim) 

Certain branches of trees on Mazzard (P. avium) stocks bear fruits that 
are small and fail to mature. In Green Valley these fruits are conical and 
persistent; with short, thick pedicels; the surface of the blossom-end half of 
the fruits assumes a dull or ‘‘buckskin^’ aspect, especially noticeable on 
varieties with light colored fruits (Fig. 1, B). Comparable small affected 
fruits in Napa Valley are nearly normal in shape and usually lack the dull 
surface; the pedicels are of normal length and easily detached from the tree 
(Fig. 1, A, F) . Affected spurs in Napa bear ragged buds as shown in figure 
1, 0 ; a comparable healthy spur is shown at figure 1, I. This symptom has 
not been observed in Green Valley. 

In trees on Prumis makaleb stocks, most fruits are approximately normal 
in appearance (Fig, 1, D), but have short pedicels, are soft and insipid, and 
ripen early. In Napa Valley occasional small branches may produce under- 
size fruits that fail to ripen. In Green Valley some fruits may be larger 
than normal, conical in form, and with very thick pedicels. 

Young cherry trees on Mazzard stocks usually do not exhibit symptoms 
during the first season after infection and, except in fruit, older trees in 
Green Valley seem approximately normal till near the end of the season. 
Then some leaves often become bright orange-red along the basal part of 
the midvein and in the adjacent lamina. This symptom was illustrated 
earlier (2). Older trees on this stock in Napa Valley develop the late-season 
coloration in the basal part of the leaf, but, in advanced infections, the fruit 
spurs make a terminal growth and produce an excess of small pale green 
leaves (Fig. 1, F). A comparable healthy branch is shown in figure 1, E. 
In both valleys infected trees on Mazzard stocks, unlike those on Mahaleb, 
usually live for many years. 

Young trees on Mahaleb stocks usually die in the first year after infec- 
tion, sometimes quite suddenly, with the dried leaves persisting, but usually 
more slowly, accompanied by severe general chlorosis, cupping, and prema- 
ture dropping of leaves. The leaves often develop an orange color along 
the midrib and lateral veins just before abscission. Old trees on Mahaleb 
stocks in Green Valley show the same symptoms. Older trees on Mahaleb 
in Napa Valley have sparse small pale green leaves and many dead or miss- 
ing spurs (Pig. 1, D). Such trees usually die within 2 or 3 years after 
infection. 

Symptoms on Peach 

The principal symptoms on peach in the orchard have been described by 
several observers (4, 5). Apart from slight delay in blossoming, distinctive 
symptoms are not seen till May or June. At this time the growth of older 
affected branches is much retarded while other branches of the same tree 
may appear to be normal. The leaves on such affected branches are usually 
yellownsh-green, rolled, and recurved toward the stems, but may or may not 
show other symptoms. Leaves on the younger and more vigorous affected 
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shoots, after reaching approximately mature size, develop slight to marked 
chlorosis and rolling and few to many chlorotic, reddish or purplish blotches 
of indefinite margin. These symptoms are accompanied or followed by 
abscission and death of parts of the lamina, resulting in a very ragged 
appearance. The abscissed parts are typically rounded in outline but in 
one seedling type of peach may be almost linear and closely associated with 
the larger veins. Finally the leaves drop, beginning with the oldest and 
often leaving the affected shoots bare by midsummer. Fruits shrivel and 
drop at various stages up to about half that of full maturity. 

The red or purple coloration may vary in degree between wide extremes, 
depending on the variety, the stock, state of vigor, and probably other fac- 
tors (Fig. 1, G, H). 

Early symptoms on vigorous plants in the greenhouse resemble those in 
the orchard. In extremely severe cases, areas in the bark of new shoots, 
as well as in the leaf blade, may be killed. Plants in low vigor or inoculated 
late in the growth cycle, on the other hand, often develop only small leaves, 
general yellowing, rolling, and vein swelling. 

Symptoms on Sour Cherry (Prunus cerasus) 

English Morello trees on Mazzard stocks, inoculated with buckskin 
Napoleon cions from Green Valley, produced little terminal growth. The 
fruits remained small, and shrivelled before ripening. Healthy Napoleon 
cions, grafted on such trees the year following inoculation, developed typical 
buckskin symptoms. Young seedlings of English Morello, inoculated from 
peach in the greenhouse, developed premature general yellowing of leaves 
with small green islands persisting. Such leaves dropped soon after the 
chlorosis appeared. 

Symptoms on Prunus inahaleb 

In previous orchard experiments this species appeared to be immune 
(3). Recent inoculations of greenhouse plants indicate that Mahal eb can 
be infected and the virus can be recovered from branches that show symp- 
toms. The symptoms are seen on a few branches near the points of inocu- 
lation. Such branches make little or no growth ; internodes may be short- 
ened and leaves may become light-green and much reduced in size. Rela- 
tively few of the inoculated Mahaleb trees have shown symptoms. 

Pig. 1. Symptoms of buckskin disease. A. Healthy Napoleon fruit on left, and 
at right 2 diseased Napoleon fruits from tree on Mazzard stock, Napa Valley. B. Buck- 
skin Napoleon fruits from tree on Mazzard stock. Green Valley. C. Bagged buds from 
diseased Napoleon tree on Mazzard stock, Napa. 1). Buckskin Napoleon branch from 
tree on Mahaleb stock, Napa. E. Branch from healthy Napoleon tree. P. Buckskin 
A^apoleon branch from tree on Mazzard stock, Napa. G and IT. Variation in symptoms 
exhibited by infected peach leaves on cions originally from the same infected tree. The 
two leaves on the left were grown on an almond stock of low vigor and show little change 
in color other than the chlorosis in areas that are to drop out. The leaf on the right was 
grown on a vigorous Myrobalan and shows distinct red to purple blotches. I. Spur from 
healthy Napoleon cherry tree comparable with diseased spur shown in 0. 
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Symptoms on Other Species 

Symptoms in the greenhouse-inoeulated plants of Prunus communis, P. 
niira and several hybrids of these with P. davidiana, P. fenzliana and P. 
'persica are, on the whole, less specific and distinct than those on peach; 
necrotic areas are small or sometimes lacking and when present are often 
oblong to linear along veins, rather than rounded. Often there is no more 
than a general yellowing of parts or all of the leaf blade and an upward 
rolling of leaf edges, usually accompanied by vein swelling. The leaves 
may drop early or persist through the season. In one peach-almond hybrid 
tested there is a marked shortening of internodes but not in another. No 
symptoms have been recognized on apricot, though the virus was recovered 
from or passed through Blenheim apricot growing on diseased peach by 
inarching a healthy peach seedling on the apricot. Thei’e was pronounced 
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liminary tests suggest that the virus moves more readily into defoliated 
branehes than into those with leaves, but the results have not been entirely 
consistent, perhaps partly because of the tendency of defoliated branches 
to cease growth soon after defoliation. 

The incubation period in the field varies from several months to several 
years. On small plants in the greenhouse a period of about 2 months usually 
is required for the appearance of symptoms. In a single instance early 
s^uiiptoms were seen on peach 33 days after inoculation. 

Some of the results of recent inoculations are shown in table 1. The 
cherry inoculum (cions containing Green Valley virus) was taken in all 
cases from Napoleon on Mazzard stock, and the inoculated sweet cherries 
were Napoleon on Mahaleb, except in the orchard-grown lot in which the 
trees were on Mazzard. Peach inoculum was taken from several sources 
including Blberta, Orange Cling and seedlings. Inoculum of Primus 
demissa was obtained from plants infected by grafting from sweet cherry. 
The first lot of each of the inoculated sour and sweet cherries was grown 
in the field in Green Valley. All the other plants were kept after inocu- 
lation in greenhouses. "With the exceptions noted in the table footnotes, 
and a few others in which inarching was used, plants were inoculated with 
one infected cion per tree. 


TABLE 1. — Besults of graft inociilations with hticlcsMn virus 


Iiioeulum 

Plant inoculated 

Approximate 
duration of 
test>months 

Name 

Number 

inoculated 

Number 

infected 

P. avium 

P. persica^ 

6 

3 

12 

P. avium 

P. persica^ 

5 

4 

8 

P. avium 

P. persica<^ 

5 

1 

8 

P. avium 

P. cerasus^^ 

7 

6 

16 

P. demissa 

P. avium 

14 

6 

8 

P. demissa 

P. persica^ 

10 

4 

9 

P. persica 

P. avium 

lOe 

2 

7 

P. persica 

P. avium 

m 

0 

8 

P. persica 

P. avium 

lOs 

1 

8 

P. persica 

P. cerasus^ 

18 

3 

9 

P. persica 

P. demissa 

18 

0 

9 

F. persica 

P. mahaleh 

20 

3 

8 

P. persica 

P. persica'^ 

10 

3 

8 


a Seedlings, b Seller Orange, cElberta, English Morello on Mazzard, e Five to 7 
cions per tree, ^ One cion per tree, s Three cions per tree, ^ Morello seedlings. 


As shown in the table distinct difference in susceptibility was found 
between Elberta and Sellers Orange peaches. Symptoms appeared on 
Sellers Orange 2 months after inoculation, but were not seen on Elberta 
till 6 months later. Peach was inferior to sweet cherry and chokecherry as 
a source of inoculum, even when peaches were inoculated. It is, therefore, 
rather surprising that any of the resistant Primus mahaleb were infected 
by peach cions. The virus has, however, been recovered from at least 2 of 
them by inarching to peach seedlings. It apparently moves very slowly in 
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recover the virus from them failed. It was, however, obtained from a 
Blenheim apricot top, growing on an infected peach tree, by inarching a 
healthy peach tree on the apricot. 

Symptoms on almond are often so indefinite as to preclude certain 
diagnosis. However, several of the 40-odd inoculated plants developed 
symptoms that seemed to result from the inoculation; the virus was recov- 
ered from at least one of them. Plants of each of 2 peach x almond hybrids 
were infected by inoeidation from peach. Almonds, apricots, and various 
hybrids more closely related to peach are of interest, among other things, 
as possible resistant stocks on which peach might be grown as is done in 
the ease of sweet cherry on the resistant Mahaleb stock (3). The results 
with the possible peach stocks have, to date, not been encouraging. In addi- 
tion to the above at least some susceptible individuals have been found 
among hybrids of P. mira x P . persiea, P. davidiana x P. communis and 
P. communis x P. fenzliana. 

Prunus mira was infected by inoculation and developed definite but 
mild symptoms. 

Preliminary attempts have not produced symptoms in the following: 
Prunus andersoni, P . cerasifera, P. davidiana, P. domestica (French prune), 
P. emargmaU, P. fenzliana, P. fremontii, P. ilicifolia, P. marianna, P. sxib- 
cordata and Bosa calif arnica. Likewise, attempts to recover the virus from 
inoculated plants of P. cerasifera, P. emarginata, P. ilicifolia, P. marianna 
and P. sub-cordata have been unsuccessful. No symptoms have been seen 
on any plants of the plum and prune group, whether artificially inoculated 
or exposed to natural inoculation. Attempts to recover the virus from 
varieties of P. domestica have not been concluded. 


HISTOLOGY AND MIGROCHEMISTRY^ 

Evidence of degeneration in the phloem tissues is rea. 
verse sections of aifected peach stems. The affected cells, 

photogmphTo work“® Schneider for assistan 

, Histological abnormalities in infected tissues. A On 

\em of infected peacli leaf, showing cavities on each side of thp 
a into the cavity on the right. B Port^ 

pMoroSuS n®*®® showing degeneration in th! phloem reve 
pmoroglucinol. 0. Cross section through the narrow abseissimi 
chbmtm region of a peach leaf from the surroraZ greTS sx'e 
of cell walls due to sofntion of intercellular substance aEted by 
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oeiween me pmoem rays, stana out m snarp contrast with other cells nearby 
when stained red by phloroglucinol in 18 per cent hydrochloric acid 
(Fig. 2, B). In stems produced during the season after inoculation, the 
outer (older) phloem region usually is most affected, although in severe 
cases the injury may extend inward radially to near the cambium. Stems 
that have grown a season before and a season after inoculation exhibit 
greatest injury about midway radiallj^ in the phloem region (Pig. 2, B). 

The phloem of cherry stems from the upper portion of infected young 
trees on Mahaleb stocks gi 
less striking than that in peach 


•ives a distinct reaction with phloroglucinol, but 

h. When sections, however, are taken from 

the base of the main stem a severe breakdown in the phloem is observed. 

The swollen veins, eommonl 3 ^ seen on infected peach leaves grown under 
glass, are characterized in surface view by narrow ridges on each side of 
the vein on either leaf surface. Beneath these ridges are cavities of con- 
siderable size at the junction of the lamina and the vein. No evidence of 
necrosis is seen. ^ Viewed in section (Pig. 2, A), the separation of cells to 
produce the cavity seems to be due chiefly to enlargement of the vascular 
bundle by hypertrophy and also by hyperplasia. Several types of cells are 
involved in the enlargements, including those of the phloem rays, phloem 
parenchyma, and the bundle sheath. Giant cells, arising in some cases in 
or near the bundle sheath, may grow out into the cavities in late stages 
(Pig. 2 , A) . ^ Many of the affected cells in the phloem rays and bundle sheath 
in sections fixed in chromic fixing solutions appear completely filled with 
a brown or yellow substance. Such cells in sections fixed in 8 per cent 
formalin and treated with 10 per cent ferric chloride become a dense black, 
indicating the presence of phenolic constituents. Vein swelling is not 
peculiar to this disease, and a sufficient study has not been made to differ- 
entiate the changes noted above from those produced by other causes. 

One of the most characteristic and unusual symptoms of the disease on 
peach leaves is the abscission along the margin of the ehlnm+ie m- 
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walls are pulled apart (Pig. 2, C). This early solution of the intercellular 
substance evidentl}^ is responsible for the early abscission along the margin 
of the degenerating leaf area before necrosis of the area has occurred. 

In the leaf tissues just outside of the abscissive zone, wound gum is 
formed and suberization finallj^ develops, as has been reported by Hewitt (1) 
in his careful study of abscission in the petiole of the olive. 

summary 

Symptoms of the buckskin disease on cherry, peach, and certain other 
stone fruits are described. The rootstock has a marked effect on the symp- 
toms of sweet cherry. There is evidence of at least 2 strains of the virus 
in California. There is degeneration in the phloem region of the bark that 
may be readily brought out by treating with phloroglucinol. Certain in- 
fected plants under glass develop pronounced vein swelling, accompanied 
by schizogenous cavities, by hypertrophy and hyperplasia in the phloem 
and bundle sheath and deposits of yellowish material in the cells of phloem 
ray and bundle sheath. The abscission of portions of the lamina is preceded 
by early solution of intercellular substance in the narrow abscission zone. 

Among the Prunus species of particular interest Prumis avium, P. 
cerasus, P. demissa, and P. persica seem to be the most susceptible of those 
studied, while P. armeniaca, P. communis and P. malialeb are resistant. 
Varieties of P. domestica have never shown symptoms, but attempts to 
recover the virus have not been concluded. The plums P. cerasifera, P. 
marianna, and P. suh-cordata, appear to be immune or highly resistant. 

Division op Plant Pathology, 

University op California, 

Berkeley, California. 

literature cited 

1. Hewitt, W. B. Leaf -scar infection in relation to the olive knot disease. Hilgardia 

12:41-65. 1938. 

2. Rawlins, T. E., and W. T. Horne. ‘^Buckskin,” a destructive gi'aft-infeetions dis- 

ease of the cherry. Phytopath. 21: 331-335. 1931. 

3^ and K. Gr. Parker. Influence of rootstock on susceptibility of sweet 

cherry to buckskin disease. Phytopath. 24: 1029—1031. 1934. 

4. Stoddard, E. M. The disease of peach. Connecticut (New Haven) Agr. Exp. 

Stat. Circ. 122. 1938. 

5. Thomas, H. Earl, T. E. Raw’lins, and K. G. Parker. A transmissible leaf -casting 

yellows of peach. Phytopath. 30: 322-328. 1940. 




ARB AMMONIUM SALTS TOXIC TO THE COTTON ROOT ROT 

FUNGUS?^ 


LestekM. Blank andPaulJ. Talley 
(Accepted for publication February 4, 1941) 

INTRODUCTION 

Neal, Wester, and Gunn (8) reported little or no. growth of the causal 
orgaxdsm (Phymatotriohum omnivorum (Shear) Duggar) of cotton root rot 
in a synthetic nutrient solution when the source of nitrogen was NH4NO3 
or (NH4)2S04. Ezeldel, Taubenhaus, and Fudge (5), using a different 
synthetic nutrient solution, obtained little or no growth with (NH4)2S04. 
Growth with this salt, when it occurred in their experiments, was accom- 
panied by a low pH value at the time of harvest. They found NH4NO3 was 
an excellent source of inorganic nitrogen. More recent studies (2, 15) have 
shown that the type of nutrient solution employed by Neal et al. was a poor 
medium for the best growth response of the root-rot fungus, P. omnivorum. 
Certain aspects of the importance of optimum solutions in estimating the 
ability of a fungus to utilize nitrogen have been emphasized by Steinberg 
and Bowling (11). Since the solution employed by Neal et al. was un- 
adapted to good growth by P. omnivorum, their data on the utilization and 
toxicity of (NH4)2S04 are of questionable value. The good growth with 
NH4NO3 obtained by Ezekiel et at. is associated with the amphoteric physio- 
logical nature of this compound. The poor growth reported by them, when 
(NH4)2S04 was the source of nitrogen, can be attributed to the development 

of a low pH in the (NH4)2S04 solutions (16). 

The use of ammonium compounds has been recommended by Streets 
(12, 13, 14) for the treatment of perennials infected with root rot. He 
states, as a result of the apparent recovery of plants treated by heavy appli- 
cations of (NH4)2S04, that “ammonium sulphate was found to be, in com- 
mon with other ammonium compounds, toxic to the root-rot fungus when 
supplied in sufficient concentrations,” and “it seems evident that at these 
high concentrations the immediate effect of ammonium salts is fungicidal 
or fungistatic rather than nutritional” (13). 

Recent studies on the utilization of different forms of inorganic nitrogen 
by Phymatotnchum omnivorum have shown that ammonium compounds are 
excellent sources of nitrogen in properly constituted and controlled nutri- 
ent solutions (16). The ammonium ion was not toxic to the organism, if 

rTmoc .acidity was prevented, in concentrations of 

0.0125 or 0.025 M. (NH4)2S04 or equivalent amounts of other ammonium 
compounds. These results appear to conflict with those of Neal et al. and 
wim the conclusions and recommendations of Streets. 

This study is intended to furnish some additional information on the 
Texas Director as Technical Contribution No. 614 of the 


1941] Blank and Talley: Ammonium Salts and Phymatotrichum 927 

nutritional value and toxic effect of various concentrations of ammonium 
salts in regard to P. nmnwonm. 

MATERIALS and methods 

Tlie culture methods employed were an adaptation of those used in 
earlier studies with this organism concerning the effect of trace elements 
(2), the nutritional requirements (15), and inorganic nitrogen utilization 
(16). The inoculum was a standardized agar disc cut from a vigorous 
Petri-dish culture of isolate No. 53 of Phymatotrichum omnivonim. The 
dry weight of the inoculum disc varied from 3 to 5 mg. Experiments have 
demonstrated the pathogenicity of this isolate (3), and its response to dif- 
ferent nitrogen sources has been investigated (16). The basic nutrient 
solution contained 0.008 M. K2HPO4, 0.003 M. MgSO^* THsO, 0.002 M. KCl 
and additions of 2 p.p.m. each of Ee, Mn, and Zn. Glucose was supplied at 
40g. per liter. All cultures were incubated at 28° C. The dry weights of 
the fungal mats were used as a quantitative measure of growth. 

The variables in one experiment were the sources of nitrogen, the 
amount of nitrogen, the presence or absence of 0.0125 m. CaCOs, and the 
period of incubation. Nitrogen was supplied as (NH4)2HP04, (NH4)2S04 
or NH4NO3. Seven different levels or concentrations of each of these nitrog- 
enous salts were used. The lowest concentration employed was 0.0063 M., 
while the highest was 0.075 M. These variations resulted in 21 nutrient 
solutions differing from each other in the amount of nitrogen or the source 
of nitrogen. Each of these 21 different solutions was divided into 2 equal 
portions and CaCOs was added to one portion in the proper amount to 
result in a 0.0125 M. concentration when the portion was raised to its final 
and correct volume. .Bach type of solution, with and without CaCOs, was 
prepared iii sufficient quantities to yield ten 50-mL portions, each of which 
served as a separate culture solution in this experiment. Five replicates 
of each type were harvested after 20 and 24 days of incubation. 

In another experiment soil cultures (Houston black clay) were employed 
instead of synthetic nutrient solutions. Houston soils are highly colloidal, 
calcareous, and friable, and are the most common type in the region of Texas 
where root rot is most prevalent. One hundred g. of air-dry soil was 
placed in each of several flasks. The moisture content of the soil was deter- 
mined to be 8 per cent. To one group of these flasks 15 ml. of glucose solu- 
tion of the proper concentration to furnish 2 g. of glucose per flask were 
added. To the remaining flasks 15 ml. of water were added. The flasks 
were plugged, autoclaved, and allowed to cool. Three stock solutions of 
(NH4)2S04, 0.42, 0.21 and 0.105 M., were prepared and autoclaved. A 5 ml. 
portion of one or the other of these solutions was added aseptically to each 
of the various flasks, excepting the check flasks, which received an equal 
quantity of distilled water. The addition of the 5-ml. portion of one of the 
ammonium sulphate solutions, or of water, raised the moisture content of 
each flask to approximately 28 g. per flask. The respective concentrations 
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of supplemental ammonium sulphate in the different flasks might he con- 
sidered as .075, .0375, .0188 M., and zero. This resulted in the 8 different 
types of soil culture sho\vn in table 2. All of the flasks were comparable as 
to amount of soil and moisture. The variables were glucose, present or 
absent, and the presence of (NH 4 ) 2 S 04 at 3 different levels, or its absence. 
The flasks were inoculated with discs, plugged, sealed to retard the loss of 
moisture, and incubated at 28° C. 

EXPERIMENTAL RESULTS 

The mean dry weights of the fungal mats produced on the dijfferent solu- 
tions after 20 days’ incubation are listed, along with the original pH values 
(after autoclaving) in table 1. The range of the pH values at the time of 
harvest also are included. The results after the 24-day period of incubation 
are omitted, since they are only confirmatory in value. In figure 1 the 
effects of the source and concentration of the ammonium compounds on the 
growth of the organism are shown graphically. 

The results of the soil cultures after 21 days growth are presented in 
I table 2. No determination of fungal weights was attempted, since the 

accurate separation of the soil and mycelium was too difficult. 

DISCUSSION 

The curve for the weights of the fungal mats produced in the different 
concentrations of NH4NO3 without CaCOs show the usual increase in 
weights for the first 4 concentrations of this nitrogenous salt (Fig. 1).' This 
is the expected reaction, since it has been shown that the rate of growth is 
largely dependent upon the amount of nitrogen, if some other factor is not 
limiting (15). The gradual decrease in the mean weights as the concentra- 
tion of NH4NO3 is increased above 0.0375 M. should not be interpreted as 
an indication of toxicity. In a preliminary experiment it was found that 
the heavy mats were produced on the 3 higher concentrations of NH4NO3 in 
15 days. The weights presented here should be interpreted as representing 
some autolysis following extremely rapid growth during the early part of 
the period of incubation. This autolysis is assumed to be connected with an 
exhaustion of the supply of available carbon (5, 15). The higher pH 
\ allies in the more concentrated NH4NO3 solutions at the time of harvest 
support the assumption that some autolysis has occurred. 

The effect of CaCOa on growth with the 7 concentrations of NH4NO3 
varies to some extent with the concentration. The addition of CaCOs is of 
little or no value with the lower concentrations, but appears to exert a 
favorable influence on the higher levels. This favorable effect is more 
apparent than real. Since OaCOs tends to delay the rapid growth usually 
occurring with an excess of NH4NO3, the peak is reached at a later date, and 
less autolysis has occurred at the time of harvest (16). The pH values at 
the time of harvest agree with this interpretation. 

The (NH 4 ) 2 S 04 solutions lacking calcium carbonate were uniformly 
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unsatisfactory for good growtli of this fungus. The explanation is apparent 
in most of these cases from .the pH values at the time of harvest (Table 1). 
In all of these solutions, regardless of the concentration of (NH 4 ) 2 S 04 , the 
pH was found to be between 2.9 and 3.5. The addition of CaCOs tends to 
retard the development of critically low pH values in the ammonium sul- 
phate solutions, thus permitting relatively good growth in all solutions 
where nitrogen is not a limiting factor. The data indicate that the failure 
of the fungus to produce good growth with ammonium sulphate is not the 
result of any direct toxic action of the ammonium ion, or of ammonium 
sulphate, but it is connected with the development of acidity in the solutions 


600 


WITHOUT CaC03 


WITH CflCOs (0.0125 MOLAR) 


400L 


300! 


V- 




(NH^)^ SO4 


MOLAR CONCENTRATIONS OF NITROGENOUS SALTS 

as growtli progresses. Calcium carbonate delays this acid development. 
There IS an additional effect of the Ga ion on the utilization of ammonium 
w^en the sulphate content of the nutrient solution is appreciably increased 

The results obtained from the ammonium phosphate solutions, with and 
vuthout calcium carbonate, furnish additional data on the nutritive value 
of ammonium Table 1 and Fig. 1). When nitrogen ceases to be limiting 
and the PH values do not decrease too much, fair to good growth occurs 
with most of the ammonium phosphate solutions, even when calcium car- 
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bonate is lacking. Bach increase in the amount of ammonium pliospkate 
raises the buffering capacity of the solution and, simultaneously, tends to 
increase the rate and amount of growth by increasing the supply of nitro- 
gen. Heavier mats are to be expected, therefore, as the content of this salt 
is increased within limits. The low solubilities of the phosphates of the 
essential trace elements and the increased concentration of the phosphate 
radical might account for the poor growth in the 3 more concentrated solu- 
tions. However, when calcium carbonate was added to the different concen- 
trations of ammonium phosphate all of the solutions, including the higher 
concentrations of this salt, produced heavy fungal mats. 

The results obtained from the use of the several concentrations of am- 
monium sulphate and ammonium phosphate in synthetic nutrient solutions, 
with and without calcium carbonate, do not present any basis for assuming 
that the ammonium ion, per se, is toxic to P. omnivorum. If poor growth 
is obtained with the ammonium salts, it apparently can be attributed either 
to the rapid development of critical acidity or to a reduction in the avail- 
ability of the trace elements (2). When the composition and properties of 
the solution are suitably modified by the addition of CaCOs no evidence of 
toxicity can be found, even in concentrations as high as 0.075 M. (NH 4 ) 2 S 04 
or (NH 4 ) 2 HP 04 . 

The results obtained from the soil-culture experiment agree with those 
obtained from the nutrient solutions in regard to the toxicity and nutrient 
value of ammonium compounds for the growth of the fungus (Table 2). 
The addition of (NH 4 ) 2 S 04 to the soil favors rapid and abundant growth 
of the fungus if the available carbon is increased by the addition of glucose. 
The rapid growth of the fungus and the production of selerotia under these 
conditions indicate that the fungus, when growing saprophytically in the 
soil, is favored by the addition of ammonium sulphate, if some other factor 
is not limiting. Since these soils are highly calcareous and have an abun- 
dant alkaline reserve the utilization of ammonium nitrogen does not produce 
any noticeably unfavorable reaction in the soil, as indicated by fungal 
growth. The response occurring in soil cultures is similar to that in the 
synthetic nutrient solutions containing CaCOs. 

In the soil cultures receiving no additional carbon no harmful or toxic 
effect of high concentrations of ammonium is observed. It is clear that 
nitrogen is not the limiting factor in this case, since the addition of extra 
amounts of ammonium sulphate is without appreciable effects. The lack of 
any fungicidal action, when carbon is limiting, is as significant as the bene- 
ficial effects of ammonium sulphate on mycelial development and sclerotial 
formation when carbon ceases to be limiting. 

The higher concentrations of ammonium sulphate and ammonium phos- 
phate used in these experiments contain ammonium in amounts equal to, or 
greater than, that recommended by Streets (12, 13) for the treatment of 
plants attacked by Phymatotrichum omnivorum. One of the recommended 
methods of treatment involves the use of a solution containing 1 lb. of com- 
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TABLE 2 . — The growth of Thymatotrichum omnivorum in soil as influenced tv avail- 
able carbon and the addition of ammonium sulphate 


Soil supplement 


Glucose 


(NH,),S04 


2 

2 

2 

2 

0 

0 

0 

0 


AT. cone. 
.0750 
.0375 
.0188 
.0000 
.0750 
.0375 
.0188 
.0000 


Amount of 
growth 


Abundant 


Fair 

Scant 


Type of growth 


Surface 

mycelium 


Abundant 

n 

i i 

lYone 


Strand de- 
velopment 


Good 


Fair 

Scant 


Sclerotial 

production 


Fair 

Good 

Abundant 

Scant 

None 


mereial amnaonium sulphate dissolved in 10 gal. of water. If one assumes 
this ammonium sulphate is pure, the resulting solution would he approxi- 
mately 0.075 M., which was the highest concentration used in the experiments 
reported in tables 1 and 2 . This solution is added to the soil at the rate of 
1 gal. per sq. ft. and is followed by heavy watering to carry the solution 
into the soil to a depth of 3 or 4 feet. After watering, the concentration of 
ammonium sulphate in the soil would be lowered into the range shown to 
be very satisfactory for the growth of the fungus, when other factors, such 
as the pH, are not limiting (16). The root rot of cotton and other plants 
IS most prevalent and serious in the calcareous and alkaline soils of the 
^ outowest. In such soils it is difScult to assume that this recommended 
treatment for diseased plants would produce a pH throughout the soil that 

woT^d be low enough to retard the growth of or destroy the organism. 

Free ammonia has been shown toxic to the vegetative hyphae and scle- 
rotia of the root-rot organism ( 8 ). There is the possibility in the case of 
alkaline soils that some free ammonia might be liberated in the soil followino' 
e application of the solutions of ammonium salts. The amount of liber- 
ated ammonia, if any, would be insufficient to be toxic to the fungus in the 
soil smce It has been shown that free ammonia is rapidly fixed in a rela- 
tively stable and non-toxie condition in heavy colloidal systems (17) One 
seems justified in ruling out the possibility and probability of any toxicity 
that can be attributed to the liberation of free ammonia under ordinarv 
iield. conditions in alkaline soils. 

_ Another possibility deserves consideration. According to Mevius and 
ng e s in erpretation of the toxic action of ammonium compounds ( 7 ) 
ree ammonia might accumulate in the tissue of the host. Thus a toxic con- 
dition might develop m the host tissue or in the fungus that would destroy 

Nightingale ( 10 ) doubts this interpre- 
a rebitiw.!^^ ^^’”4 tendency for living cells to maintain 

This'teiideu(Tr *^'11 external conditions, 

amount oT trr probability of the accumulation of toxic 

• the host tissue by the differential absorption of 
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ammonium. The data in tables 1 and 2 indicate that ammonia does not 
accumulate in the fungus in toxic quantities when it is growing in media 
containing high concentrations of ammonium salts. 

The apparent fungicidal action of ammonium salts towards Fhymaio- 
irichim omnivorum in certain soils might be attributed to another effect 
without assuming either the liberation of significant amounts of free ammo- 
nia or the direct toxicity of the ammonium ion. The pH and composition 
of the soil solution immediately after the application of the concentrated 
ammonium solutions would be favorable for the rapid absorption of the 
ammonium ion by the roots of the host. A rapid absorption of ammonium 
from certain soils by the fungus and by the host plant might produce an 
acid condition at their surface and in the soil immediately adjacent to them, 
if the evidence from Nightingale’s culture studies (9), and those of David- 
son and Shive (4), can be considered applicable in this connection. Such 
an indirect effect of ammonium sulphate or phosphate would be comparable 
to the more direct action of sulphuric acid, which has been used with some 
success in checking root rot in soil (13). This effect, however, would be 
localized in small portions of the soil and would be extremely temporary in 
the highly alkaline and calcareous types of soils in which root rot is most 
prevalent. It is, therefore, doubtful if acidity resulting from the rapid 
absorption of ammonium would form a basis for the control of root rot in 
nature by the heavy application of ammonium salts. 

In fact, there seems to be no logical basis for assuming that ammonium 
salts are toxic to the fungus or that the treatment of infected plants with 
ammonium salts will produce any important fungicidal or fungistatic com- 
pounds in the soil. 

The favorable action of high nitrogen fertilizers in decreasing the loss 
from root rot, which has been reported by Jordan, Nelson, and Adams, fur- 
nishes additional information in regard to the possible action of ammonium 
compounds (6). They report the heavy applications of a mixture of nitrate 
and ammonium fertilizers decrease the percentage of dead cotton plants in 
root-rot-infested Wilson soils. Adams 6^ al. have reported a significant 
negative correlation between the nitrogen content of the roots, especially the 
bark, and the percentage mortality from the disease (1). They suggest the 
possibility that variations in the chemical composition of the host tissue 
might account for increased resistance to the fungus. 

A possible explanation of the apparent recovery of some plants follow- 
ing the heavy application of nitrogenous fertilizers, such as ammonium salts, 
would be the physiological response of the host plants. If the carbohydrate 
content of the older portions of the roots did not become limiting following 
the heavy application of readily available nitrogen, there would be a rapid 
synthesis of organic nitrogenous compounds in the root and an accompany- 
ing acceleration of the rate of development of new lateral roots. A rapid 
development of new lateral roots might permit the host plant to tolerate, 
temporarily, at least, some parasitism without the appearance of above- 
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ground symptoms of infection. Tlie favorable action of tbe nitrogenous 
fertilizers on root development accompanying the recovery of pecan trees 
has been illustrated by Streets (14). According to this view the favorable 
effects of ammonium fertilizers on plants already attacked by the fungus 
and the beneficial effects resulting from the use of large quantities of 
nitrogenous fertilizers on heavily infested soils are not to be attributed to 
any direct toxic action on the fungus but are dependent upon the favorable 
responses of the root system of the host plant. 

CONCLUSIONS AND SUMMARY 

The results from nutrient solutions using several concentrations of am- 
monium sulphate and ammonium phosphate, with and without the addition 
of CaCOg, do not present any basis for assuming that the ammonium ion, 
per se, is toxic to Phymatotrichum omnivorum. An acid condition, which 
inhibits further growth, rapidly develops when P. omnivorum is cultured 
with ammonium salts as the source of nitrogen, if the nutrient solution is 
not properly constituted. The addition of CaCOg is effective in preventing 
the development of this critically acid condition. 

The results of soil-culture studies show that ammonium nitrogen is a 
good source of nitrogen for the fungus. No evidence of toxicity was 
observed. 

The beneficial effects of the treatment of diseased plants with ammonium 
compounds are thought to be the result of the growth responses of the host 
plant to the additional amount of available nitrogen. 

In view of the lack of any indication of toxicity of the ammonium ion, 
it seems doubtful that complete eradication resulting in permanent control 
of the root rot can be obtained by the use of ammonium salts. 

Bureau op Plant Industry 

, „ , AND ' 

Texas Agricultural Experiment Station, 

College Station, Texas. 
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A XYLARIA TUBER ROT OP POTATO 


(Accepted for publication February 10^ 1941) 

INTRODUCTION 

A field rot cansecl by a species of Xylaria occurs on potato tubers grown 
duidng tbe winter months in the calcareous marl soils of southern Florida. 
The rot was first observed by potato inspectors on freshly washed potatoes 
in packing houses at Goulds, Florida, during the 1936 shipping season, and 
a limited number of specimens have been collected annually since then. It 
was first mistaken for the somewhat similar decay of potato tubers caused 
by Armillaria mellea Vahl. which was described by Bailey^ in 1914 as occur- 
ring in the Pacific Northwest. Its presence in other potato sections in 
Florida has not been ascertained, 

The causal organism was isolated from affected tubers in 1937 and was 
grown on several kinds of culture media, where its behavior was suggestive 
of Xylaria. Positive identification from the cultures was impossible because 
of failure of the isolates to produce ascospores. In April, 1940, fructifica- 
tions of a Xylaria were discovered arising from decaying stumps and 
branches of a common species of willow in a potato field near Homestead, 
Florida. Isolation cultures from ascospores were identical with the original 
isolates obtained from potato tubers. Development of the typical field rot 
on potato tubers in close proximity to willow wood infected by the Xylaria 
was presumptive evidence that the latter was the causal agent for the 
potato rot 

SYMPTOMS 

The most distinctive characteristic of Xylaria rot is the presence of black 
rhizomorphs of the fungus which become firmly attached to tlie surface of 
the tubers (Fig. 1, B and C). These rhizomorphs may be simple or vari- 
ously branched and range from threadlike to 3 mm. in thickness. The points 
of attachment to the tubers become centers of infection, which results in the 
production of a dry rot. 

The decayed areas are circular, sunken, and typically light-tan at the 
centers, shading to light-brown at the margins. The skin of the tuber may 
remain more or less intact and held in place by a plate of mycelium, which 
usually forms just beneath the surface, but the deeper-lying tissues generally 
are completely destroyed and replaced by fungal tissue as the invasion 
slowly advances. The line of demarcation between healthy and invaded 
tissue usually is quite sharp (Fig. 1, A). Secondary invasion of the decayed 
aieas ot soft-rot bacteria, soil fungi, and insects or mites frequently occurs 
and hastens the disintegration of the tubers. 

•:>oo potato diseases from the Northwest. Phytopath. 4; 321- 

Oi-iiJ, 1914. 
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Pig. 1. Xylaria rot of Bliss Triumph potatoes. A. Cross section of tubers decayed 
by Xylaria. B. RMzomorphs of the fungus attached to a tuber. 0. Dry rot developing 
at several points of attachment. D, Dry rot of tuber thirty days after inoculation from 
pure culture of X. apiculata. E. Cross section of tuber in D. 


INCIDENCE OP XYLARIA ROT 

The I’ot is of minor importance, but is of considerable interest because 
there appears to be no previous report of a species of Xylaria parasitizing 
the potato. Most of the observed specimens were from farms where the land 
had been recently cleared and contained numerous willow roots and stumps. 
Even on farms where the Xylaria was rather abundant, the loss from inf ee- 

The rot was absent, or nearly 


tion of potato tubers was of little consequence, 
so, on land that had been long farmed annually. 
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lata. A. Mature stromata from willow wood. B. Cul 
apr of original isolate from potato tuber, showing ab 
ita. 0. Immature stromata arising from willow wood. 


PATHOGENICITY 

Pathogenicity was proved by artificial inoculations. After sterilizing 
the surface of potato tubers, the skin was broken by lightly scratching the 
surface with the point of a flamed scalpel. A young culture of the fungus 
with some of the medium adhering was lifted from a potato dextrose-agar 
plate, placed in contact with the wounded area, and the inoculated tubers 
were incubated at room temperatures in culture chambers. A week later 
the fungus was well established in the potato tissues (Fig. 1, D), but in- 
vasion proceeded at a very slow rate in no case exceeding 15 mm. by the end 
of 30 days. The character of the rot was similar to that produced by natural 
infections, except that more fungous hyphae were present in the decay cavi- 
ties (Pig. 1, E). It is probable that the small insects and mites generally 
present in the decay spots that develop in the soil feed upon the fungus 
mycelium. 


MORPHOLOGY AND IDENTITY OP THE FUNGUS 

Stromata arising from willow wood show considerable variation in size 
and conformation. These structures are upright, solitary to several cespi- 
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tose, and are simple or occasionally branched (Fig. 2, A and C). They 
vary in length from .5 to 8 cm. or more and from .5 to 3 mm. in width. 
Stipes range from obsolete to several cm. long. 

Immature stromata exhibit strong positive phototropism, which accounts 
for considerable curvature of the clubs (Fig. 2, C) if the direction of light 
is variable. They are typically cream- to tan-color at the apiculate tips, 
shading to olivaceous-brown and then to black below, where the surface is 
densely villose from the numerous dark hyphae arising from the surface, 
r The surface just below the tips sometimes becomes powdery from the copious 

production of sub-hyaline to yellowish, continuous, fusiform-elliptical 
conidia, 6-7 x 2-3 p in size. As the stromata approach maturity, the sur- 
face of the fertile portion loses its villose character. It remains roughened 
for a time from the adhering fragments of hyphae but finally, when full 
maturity is reached, becomes somewhat undulate and prominently striate 
to resemble the fissured bark of a tree (Fig. 2, A). The asci are 8-spored, 
cylindrical, hyaline, and stipitate, 135-170 x 8-11 p. The ascospores are 
uniseriate, inequilaterally elliptical, rounded at the ends, brown, continuous 
or sometimes with an indistinct septum, 16-25 x 4.5-7 p (average 19.5 x 6 p). 

Growth is luxuriant on potato-dextrose agar. Immature stromata are 
produced in large numbers on this medium, where their appearance is 
similar to those produced on natural substrata (Fig. 2, B). Conidia are 
frequently produced near the tips of these structures, but ascospores have 
not been produced thus far on laboratory media. 

The apiculate stromatal tips, ascospore measurements, and character- 
istic markings on the surface of the spore-bearing areas, agree closely with 
Lloyd’s^ descriptions and illustrations of Xylaria apiculata Cooke. There 
is little doubt that the potato-rotting Xylaria is X. apiculata if Lloyd ^s in- 
terpretation of this species is correct. According to Brdman West,® who 
identified the fungus for the writer, the same species has been collected on 
rotten wood from various places in Florida. 

Florida Agricultural Experiment Stations 
Sub-Tropical Experiment Station, 

Homestead, Florida. 


2Lloyd, C. G. Notes on Xylarias. Mycological Notes 5 : 20-21, and 675-679. 1916- 
1919. 

^ 3 Mycologist, Florida Agricultural Experiment Stations, Gainesville, Florida. 




NEW FACTS ABOUT BASTEEN SNOWMOLD 

0 . 0 . W E R N H A M 
(Accepted for publication February 4, 1941) 

The term “snowmold” was applied by Dahl (2) to a disease of fine turf 
caused by Fusarium nivale. Snowmold is noticeable as soon as the snow 
melts and is characterized by dead areas irregularly circular in outline, 
whitish gray in appearance. The leaves have a bleached appearance and 
feel slimy when wet. Well-developed patches of dead turf often exhibit a 
pinkish cast when exposed to sunlight. Davis (3) reported snowmold and 
brown patch to be caused by Sclerotium rMzoides. Broadfoot (1) was able 
to produce disease on Chewings fescue with a species of Fusarium, BMzoc- 
ionia, and unidentified basidiomycete which he had isolated from grass 
suffering from snowmold. Eeeently, Eemsberg (7) has applied the name 
“snowmold” to a disease caused by Typhula itoana, a sclerotial basidio- 
myeete that is becoming increasingly important on turf and lawn grasses in 
the eastern United States. Dahl makes no mention of sclerotial fungi in his 
paper (2), but, in an earlier publication with Monteith (4), the following 
statement appears: “Occasionally patches of snowmold are found in which 
the leaves of the injured grass have small black or brown bodies (sclerotia) 
scattered oyer them. These are resting bodies of fungi which, although 

associated with the snowmold injury, have not been proved to be the causal 
organisms.’^ 

"What seemed to be snowmold first came to the writer’s attention in 
March, 1939, when a severe outbreak occurred on the College organic fer- 
tilizer plots, which were seeded to Colonial bent. Monteith and Dahl (4), 
Dahl (2), and Pirone (5) Est Colonial bent as a resistant species. To find 
It so severely diseased merited closer investigation. None of the dead areas 
showed a pmkish cast in sunlight, nor did the dead grass feel slimy when 
wet. Individual gra.ss blades and culms showed numerous reddish brown 
sclerotia embedded in the tissues. Isolations from this material at both 
room temperature and 13° C. yielded only cultures of a sclerotia-produc- 
ing asidiomyeete. In order to cheek the technique employed, snowmolded 
tarf was secured from Wayzata, Minnesota, through the kindness of L. J. 

eser, m parallel isolations were made. A Fusarium was readily isolated 
from the Minnesota turf, although an occasional grass plant yielded a 
sclerotial basidiomycete quite unlike the one isolated from local turf. Soeei- 
mens of snowmold collected from other districts in Pennsylvania failed to 
j . d anything but isolates of a sclerotial basidiomycete. Cultures of this 
local organism were identified by Miss Eemsberg as Typhula itoana Imai 
(6). The sclerotial isolate from Minnesota turf was believed by her to be 
an undeseribed species of Typhula. ^ 

sarif^i^Irtftf f ^Wished concept of “snowmold” has been neees- 
saiy m order that the disease caused by Typhula spp. may be included 
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The concept of disease resistance must also be broadened to include the 
reaction of standard varieties to this pathogen. With this purpose in mind 
the writer undertook to test for resistance to snowmold several strains and 
selections of fine turf that have been under agronomic observation for 
several years. The results are given in table 1 and figure 1. 

hi, 'i-— Reaction of several strains of Agrostis palustris to artificial inoculation 

M as SmZ compared with reaction to Fusarium 


Variety 


Origin 


jrercentage 

recovery from snowmold 


Replicate 


Metropolitan 
Washington .. 


2 
3 
3 

5 (29) 

1 (31) 

6 (29) 

6 (29) 

6 ( 20 ) 6 

7 (29) 3 

Ci(Monteitli)b 

Astoria 


South 
German 

Mixed 
Bent 

Washington 

i ( 

( c 
< ( 

? I 

(Agrostis tenuis) 

Colonial Matural infection in field 


5 

40 

100 

60 

5 

30 

5 

70 

90 

40 

35 

5 


Ave. of 
Repli- 
cates 


Reaction to 


Typhula ^)^sa 
i rium 


V S 
M S 

R 
M 8 

V S 

s 

V s 

R 
R 
M S 
S 

V s 
s 


R 
M S 


b John Monteith reports Cl to be resistant to large brown patch. 

tur J ^ Classification of the disease resistance of fine 

u f, based on the causal organism present. The work of Eemsbero- r71 
and the writer indicate that snowmold in the eastern part of United qti+I« 
IS caused by Typhula ttoana rather than Fusarium nivale. Although^there 
stfl T? evidence to east doubt on the efficacy of the 

“:pr^aiT“ -ell f ro, 

rol are impractical for snowmold on fairway and pasture grasses In anv 

Dept. OF Botany, 

Pennsylvania State College, 

State College, Pa. 
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SGLBROTIUM ROLFSII ON COTTON IN ARIZONA 


Manfred Gottlieb and J. G. Brown 
(Accepted for pubKoatioii January 22, 1941) 

ScUrotium rolfsii Saccardo, the cause of southern sclerotial rot on many 
hosts, ^ extensively attacked the cotton crop in parts of the Salt River Valley 
of Arizona, the past season, and has appeared also on cotton in the Safford 
district and in Pinal County. Worst affected was an area in the former loca- 
tion, embracing about 600 acres, in which many plants were killed. Presence 
of a disease in the district was repox’ted to the senior writer who discovered 
the infection. Cultures thereafter made from the diseased plants gave 
unmistakable mycelia and sclerotia of 8. rolfsii. 

The soil of that district worst affected by southern sclerotial rot is in- 
fested with the common nematode. The resulting root knot has reduced the 
yield in past seasons, but has never killed many plants. Death of the plants 
was first reported to the writers in July. Subsequent field inspection re- 
vealed two sets of signs and symptoms of disease. Many plants were 
dwarfed, a condition regularly found in cotton fields infested with the com- 
mon nematode that was attributed to root knot. The diagnosis of root knot, 
based upon the appearance of the aerial parts of cotton plants, was verified 
by the finding of knots on the roots of the dwarfed individuals (Fig. 1, E, c). 
A second indication of the presence of disease was the occurrence of ex- 
tensive gaps (Fig. 1, D) in the rows ; there were also dead (Fig. 1, C), brown 
plants and wilting plants (Pig. 1, B). On the stem bases and upper roots 
(Pig. 1, E, a) of diseased, dying and dead plants, mycelial mats and sclerotia 
were found that proved, on laboratory examination, to be structures of 
Sclerotium rolfsii. Mycelia also occurred on the crowns of apparently 
healthy plants (Pig. 1, A) in which the disease was incipient. A further 
symptom, not heretofore mentioned in literature, was a swelling on the main 
stem of many affected plants in the region of the soil line. That the appear- 
ance is a true swelling and not an illusory enlargement, mistakenlv attrib- 
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Fig. 1. A. Mycelium of Sclerotium rolfsii on the crown of an apparently healthy 
plant. B. Acala cotton plant wilting in the field as a result of an attack by Sclerotium 
rolfsii. C. Dead, brown plant of Acala cotton killed by southern sclerotial rot. B. Acala 
cotton, right, and S X P cotton, left, affected by southern sclerotial rot. Gaps in the rows 
caused by the disease. The field of S x P cotton later became as badly damaged as the 
Acala variety. B. Pieces of stems and roots of cotton plants attacked by S. rolfsii. The 
fourth, fifth and eighth pieces from the left were dug up from the soil, having been plowed 
under from the preceding crop: a, the fungus; h, swelling at crown; o, nematode galls. 
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By far the most significant fact was the discovery that many fields that 
showed no dying plants had a very large amount of inoculum present on the 
decaying stalks of the preceding cotton crop (Fig. 1, E, a) that had been 
plowed under. 

Numerous cotton fields, free from the root-knot nematode, showed con- 
siderable Sclerotium Tolfsiiy which continued to spread in rather sporadic 
intervals following irrigations and summer rains throughout the growing 
season. Examination of these infested fields about December 16, one month 
after a killing frost, revealed much activity of the fungus, as evidenced by 
mycelial fans and many newly formed sclerotia. 

The original source of the infestation of cotton fields with Sclerotium 
rolfsii in the Salt Eiver Valley is not clear. The fungus was first observed^ 
in Arizona in 1936 on larkspurs. Later, it appeared on sugar beets on a 
ranch about 150 miles distant from the site of the first outbreak. The next 
infestation occurred in beet fields in the Salt Eiver Valley some 15 miles 
east of the cotton district mentioned in this paper. There were no beet 
fields near the cotton fields worst affected during the past season and the 
entire area has had no beet history whatsoever. Local infection of the cotton 
plants appears to have been made more certain and continuous by the ex- 
tensive growth of the fungus on decaying cotton stalks in the soil that were 
plowed under from last year’s crop. Pieces of the stalks were abundantly 
matted with mycelial fans of Sclerotium rolfsii and usually also showed 
m.any sclerotia. 

Southern sclerotial rot in Arizona fields was worse, apparently, on 
mature cotton plants than has heretofore been observed. Ezekiel and Tau- 
benhaus^ found one mature plant that appeared to be dying from the effects 
of the rot, but their attempts to inoculate such plants with Sclerotium rolfsii 
failed. 

Arizona Agricultural Experiment Station, 

Tucson, Arizona. 

sclerotial rot. Arizona Agr. Exp. Stat. Ann. Eept, 49: 70. 



PHYTOPATHOLOGICAL NOTES 


Poinsettia Scab Caused by Sphaceloma . — ^Early in July, 1940, the writer’s 
attention was called to an nnnsnal disease of poinsettia (Euphorbia piilcher- 
rima Willd.) growing on a large estate near Goulds, Florida. A handsome, 
red, double variety was seriously affected, but the white, pink, and common 
red, single sorts were free of the trouble. Later, mild cases of the same dis- 
ease were observed on a strain of red single poinsettia in gardens of Miami, 
Florida. 

Numerous conspicuous, raised lesions or cankers are present on the dis- 
eased canes (Fig. 1, A). They are circular to elongate with the longer 
diameter parallel to the axis of the stem, and range from about 1 mm. to 
1 cm. or more in length. Frequently, they become confluent to cover irregu- 
lar areas, sometimes completely encircling the stem. When this occurs the 
canes lose their foliage above the girdled area and die back from the tip. 
Eventually, the centers of individual cankers become somewhat depressed 
and covered with a grayish to grayish-brown, velvety layer of conidiophores 
and conidia. The structure of the acervuli and the formation of conidia are 
typical of fungi belonging to the genus Sphaceloma. Microscopic examina- 
tions of free-hand and microtome sections of young and old fructifications 
disclosed no perfect stage of the fungus. 


Fig. 1. Poinsettia scab. A. Natural infections on stems and leaf, 
ficial infections 30 days after inoculation : B. On leaf. C. On stem. 
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Lesions on leaves are smaller than those on the canes and are confined 
chiefly to the petioles, midrib, and veins (Fig. 1, B). Except for their 
usually less pronounced color, they closely resemble scab lesions on citinis 
leaves caused by Sphaceloma fawcetU Jenkins. Affected leaves nia^^ be dis- 
torted or wrinkled and usually drop prematurely, especially if the petioles 
become infected. 

Tissue plantings on potato-dextrose agar and spore dilutions plated on 
the same medium gave colonies with a uniform type of growth which re- 
sembled in many respects the growth of Sphaceloma fawcetU on this medium. 
Pathogenicity of pure cultures was proved by inoculating young leaves and 
stems of potted poinsettia plants in September. The method of inoculation 
was similar to that described by Winston^ for citrus scab inoculations. 

In 7 days infections were readily discernible on both leaves and stems ; 
30 days after inoculation, typical fructifications were produced on these 
parts (Fig. 1, B and C). Conidia were formed 14 days after inoculation in 
some of the acervuli. 

Inoculations on young expanding leaves of rough lemon seedlings were 
nnsuccessfui with the cultures from poinsettia, but inoculations of rough 
lemon foliage of like age made on the same day from pure cultures of 
Sphaceloma fawcetti produced typical citrus-scab lesions. 

A search through the available literature on poinsettia diseases failed to 
reveal a description of a similar trouble occurring on this host in the United 
States. According to a communication from Anna E. Jenkins^ there does 
not appear to be any disease described on poinsettia that could be caused 
hy Sphaceloma. 

Specimens of diseased material have been sent to the herbarium of the 
University of Florida at Gainesville, Florida. Pure cultures of the causal 
fungus are being maintained in the laboratory for further study.— -Geo. D. 
Ruehle, Sub-tropical Experiment Station, Homestead, Florida. 

A^'ii A^ppaTe%tly UnclescTihed/ Disease of the Peafitit (^jLfachis hypoyaea).^ 
—In early September, 1940, the writer chanced upon a disease of the pea- 
nut that had come to his attention on but one former occasion. On the basis 
of a somewhat extensive review of the literature, it is apparent that this 
disease has not been previously described. 

The most striking symptoms of the disease appear on the lower surface 
of leaves as more or less rectangular, deep brown to almost black splotches 
(Fig. 1, B, and 2, B). With transmitted light these affected areas show 
through the upper surface of the foliage as mosaic patterns, with here and 
there definite pin-point, necrotic areas (Fig. 1, A, and 2, A). Symptoms 
also appear hi varying degree on the petioles and young stems. 

A majoiity of the plants showing the above symptoms were pale green 

1 Winston, X B. Citrus scab and its control. U. S. Dept. Affr. Bull 1118 39 n 1923 
Letter of February 21, 1941, from Anna E. Jenkins, ^TJ. WasLglrt 

1 Paper No. 84, Journal Series, Georgia Agricultural Experiment Station. 
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to definitely chlorotic, but in several instances typical symptoms appeared 
on plants of normal color. Many diseased plants were definitely stunted, 
poorly nodulated, and produced low yields of pods; often, however, the 
disease was prevalent on otherwise healthy plants. 

Histologically, the dorsal epidermis and spongy mesophyll of the leaf 
appear necrotic, the cell walls being dark-brown (nonstained preparations) 
and the cell contents being slightly discolored to completely disorganized. 
Here and there, in limited areas, certain portions of the vascular system 
W'ere partly discolored. In limited areas in the cells of the lower epidermis 


Fig. 1. Symptoms of the peanut disease on the upper (A) and the lower (B) sur- 
faces of peanut leaves collected in the Station plots, Experiment, Ga. (The large spots 
on the upper left leaflet of the middle leaf and on the upper left and lower right leaflets 
of the leaf to the right 1, B were produced by Mycosphaerella arachidicola Jenks.) 
X about I . 

and spongy mesophyll there were large bodies, probably ergastic in nature, 
that stained pale violet to dark brown with Cotton Blue stain. The palisade 
parenchyma presented a ''tight-packed'^ appearance and the chloroplasts 
were variably chlorotic. Scattered epidermal necrosis was present, corre- 
sponding to the pin-point necrotic areas referred to above. 

All the diseased plants fonnd at Experiment, Georgia, were on heavy 
clay soil, which had puddled severely following a heavy rain. The writer, 




Phytopathology 


[VoL. 31 


however, is reliably informed that the disease appears sporadically in the 
Coastal Plains areas of Georgia where the soil is sandy. Eecently the same 
disease has been brought to the writer’s attention from the vicinity of 


.■r.^ oi the peanut disease on a second variety upper (A) and lower 

(B) leaf surfaces (collected by Br. A. L. Harrison in the vicinity of Yoakum Texas). 
X aooux 4 . 

Xoakxxm, Texas, and Holland, Virginia,^ both locations reporting it as rather 
prevalent in those areas. 

Eesults of preliminary work indicate that the disease may be one caused 
by a mineral deficiency. Repeated attempts to isolate a fungous or bac- 

m i^^ebted to Br. A. L. Harrison, Plant Pathologist, Tomato Disease 

v’ Pathologist, Va. Agr. Exp, 
tat, Holland, Virginia, for this information. s . ajj. 
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terial pathogen have failed, as well as several attempts to transmit the dis- 
ease by the carborundum method. There is no evidence thus far that it is 
seed-borne. Several types of chlorosis have been found associated with the 
disease in the fields, but the evidence is strong that some of these may be 
purely coincidental. 

Several branches from diseased plants, showing severe symptoms, were 
rooted by the writer and grown by L. C. Olson, of this Station, in complete 
nutrient solutions in the greenhouse. It was observed that subsequently 
produced foliage was progressively free from symptoms. The final records 
on this experiment indicated that the plants had essentially recovered from 
the disease, as shown by the absence of symptoms on the newer growth. 
This phase of the work is being continued in the hope that more definite 
information on the etiology of the disease may be obtained. — ^Wilbert A. 
Jenkins, Georgia Experiment Station, Experiment, Georgia. 

Fall-Sown Spring Wheat Susceptible to Dwarf Bunt ?- — ^Dwarf bunt, 
caused by a peculiar race of Tilletia tritici (Bjerk.) Wint., referred to by 
Young^ as a variety, is, in certain years, very destructive of winter wheat 
in a small area in the northern part of the Gallatin Valley near Bozeman, 
Montana. In 1940, a few fields were observed in which there was approxi- 
mately 35 per cent infection, with spots of approximately one-half acre in 
size in which more than 90 per cent of the heads were infected. The heaviest 
infection occurred in fields in which the seed had been treated with either 
copper carbonate or New Improved Ceresan. Since seed treatment with 
either of these two dusts does not control infection by this race, the use of 
resistant varieties seems the most satisfactory method of control. 

Observations made in farmers’ fields show that all the standard winter- 
wheat varieties grown in the Gallatin Valley are susceptible to dwarf bunt, 
but no infection in spring-sown spring-wheat varieties has been observed, 
nor is its occurrence recorded in the literature. Bunt-free seed of 6 varie- 
ties of spring wheat and 75 varieties of winter wheat were sown in the fall 
of 1939 in parts of 2 fields where dwarf bunt had occurred in the previous 
crop. All 6 spring-wheat varieties survived the winter in 2 replications in 
1 nursery and in 1 replication in the other. Based on head counts in 1 repli- 
cation and estimates in the other 2, the average percentages of infection in 
the 3 replications were as follows : Pilot, 4; Marquis, 18; Ceres, 18 ; Reward, 
22; Thatcher, 24; and Reliance, 29. The average percentages of infection 
in 6 winter-wheat varieties were : Turkey, 7 ; Yogo, 11 ; Hybrid 128, 17 ; Mon- 
tana 36, 23; Karmont, 28; and Kharkof, 41. It is apparent from these 
experiments that certain spring wheats, as well as winter, are susceptible to 
dwarf bunt under certain fall planting conditions. Differences in reaction 

1 Journal Paper No. 145 of the Montana Agricultural Experiment Station, Bozeman, 
Mont, Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, IT. S. Department of Agriculture, and the Montana Agricultural 
Experiment Station. 

2 Young, p, A. A new variety of Tilletia tritici in Montana. Phytopath. 25: 40. 
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of a spring variety to some of the more common races of the bunt fungi 
tinder spring and fall sown conditions have previously been reported.^' ^ — 
E. H. Bamberg, Assoc. Pathologist, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, Agricultural Experiment Station, Bozeman, Montana. 


A Satisfactory Medium for Germination of Urediospores of Puccinia 
graminis tritici} — In the course of routine work at the Federal rust labora- 
tory at University Farm, St. Paul, Minnesota, a method that gives quick and 
consistent results has been developed for the germination of urediospores of 
Fuccinia graminis tritici. Older methods did not seem satisfactory because 
of the variability often noted between replicates within a test and between 
tests. The following are some of the factors that might account for this 
variability : Unclean glassware, the difficulty of obtaining a uniform dis- 
tribution of spores when these are dusted on the surface of water or agar, 
uneven wetting of the spores, the effect of surface tension in small drops of 
water, inability to observe doubtful cases of germination under the high- 
power objective of the microscope, and the difficulty of observing spores 
floating about on an unstable water surface. 

Not all these causes or accompaniments of variability in germination are 
encountered in any one method, but most of them would seem to result from 
the use of water as a germinating medium. Consequently, solid media, in- 
cluding glycerin jelly, three concentrations of gelatine, and 7 concentrations 
of water agar were tested in preliminary experiments. It was found that 
1-per cent distilled-water agar served the purpose best when used in the 
following manner : Ten cc. of melted 1-per cent water agar is poured into a 
Syracuse dish and allowed to harden. The spores under test are then mixed 
in a drop or two of distilled water on a clean, hollow-ground glass slide, and 
one or two loopfuls of this suspension are transferred to the surface of the 
agar. The drops are thoroughly spread about with the flat side of a small 
bent spatula. In order that the spores may be kept in a limited area where 
they may be easily found and observed, only the center of the agar surface 
is utilized. The dishes should not be stacked or covered with airtight covers, 
as variable results are sometimes obtained with dishes so treated. In the 
noncovered dishes adequate moisture is available for spore germination, 
which can be easily noted at the end of 2 or 3 hours at room temperature. 

This method has proved advantageous for the germination of uredio- 
spores of Puccinia graminis tritici for several reasons, as explained below. 

(1) The results were consistent to a high degree. In germination tests 
of 26 collections of fresh urediospores, each replicated 5 times, the greatest 
difference in germination between the 5 replicates of any one test was 12 per 

3Heald, F. D. The control of bunt or stinking smut of wheat. Wash. Aot Extd 
Stat. Bull. 241, 30 pp. 1930. ^ ‘ 

* S™*. Y- K. TTie effect of different temperatures on the reaction of Hope wheat 
to hunt. Phytopath. 22 : 615-627. 1932. 

1 Cooperative investi^gations between the H. S. Department of Agriculture and the 
Minnesota Agricultural Experiment Station. Published with the approval of the Director 
as Haper No. 18/8 of the Minnesota Agricultural Experiment Station. 
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cent, the lowest was 1 per cent, and the average was 5.4 per cent. The aver- 
age germination of these 26 lots of nrediospores was 95 per cent. In a sec- 
ond experiment 1 lot of nrediospores was kept in the laboratory, and germi- 
nation tests were made of these spores at varions intervals. The germination 
percentage gradnally decreased over a period of li months, bnt in the 15 
germination tests the greatest difference between the 4 replicates of any one 
test was 17 per cent, the lowest was 1 per cent, and the average was 6.7 per 
cent. As a comparison, tests were made with water as the germinating 
medinm in a Syracuse dish. Not only were the germination percentages 
lower, bnt the differences between the 4 replicates of 1 test rose as high as 
39 per cent and the average difference was 19.2 per cent. 

(2) Viability of old nrediospores can be determined more accnrately 
than by other methods. Of nrediospores kept in the laboratory for 1-| 
months, 5 per cent germinated on water agar, whereas no germination conld 
be detected in a water medinm. 

(3) The trouble caused by chemically unclean glassware was eliminated. 
Syracuse dishes were dipped in bichloride of mercury and then washed in tap 
water. One-per cent water agar was poured into half of these dishes and 
distilled water into the others. Spores germinated on the agar normally, 
whereas, on the water, germination was very erratic. 

(4) Germination is easily noted because spores are evenly distributed 
and so separated that they are readily observed individually with the low- 
power objective of the microscope. If it is doubtful whether certain spores 
have germinated they can be observed with the high-power objective without 
difficulty. 

It is possible that this method may be useful also in similar studies on 
other fungi. — ^William Q. Loegering, Bureau of Entomology and Plant 
Quarantine, TJ. S. Department of Agriculture, University Farm, St. Paul, 
Minnesota. 

Spore Germination of Selenophoma dromigena. — ^While studying the cul- 
tural characters of Selenophoma hromigena (Sacc.) Sprague and Johnson,^ 
which causes a leaf spot of Bromus inermis, it was observed that the type of 
spore germination differed from that previously reported.^ The writer, 
therefore, has studied germination in different collections of the fungus. „ 

As previously reported, when spores germinate in sterile distilled water, 
a germ tube develops from one end of the spore (Fig. 1, A), or, occasionally, 
from both ends, and the original spore remains visible for some time. On 
potato-dextrose agar, however, the process is different. Eleven to 15 hours 
after being placed on agar the spore swells slightly and 1 or 2 septa are 
formed. Swelling occurs mostly at the ends, but is not restricted to them. 
Within the next few hours germ tubes develop from both ends of the spore 

1 Sprague, R., and A. G. Johnson. Selenophoma on grasses. Mycologia 32: 415. 
1940. 

2 Unpublished data in a Ph.D. thesis presented to the University of Minnesota by 
J. Lewis Allison. 
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and more septa appear within the original limits of the spore and also in the 
terminal germ tubes. Lateral germ tubes may arise from newly formed cells 
of the original spore as soon as the septa are formed. As many as 3 hyphae 
have been observed to arise from one cell, while some cells never produce any. 
After germination, the spore is no longer recognizable as it is when germinat- 
ing in sterile water (Pig. 1, B, C, and D). 



Camera-lueida drawings of 4 germinating spores of Selenoplioma 'hromi- 
gena. pie number under each spore indicates the time in hours that it has been germinat- 
ing. The letters serve to identify the septa during the process of germination. 


This formation of septa during germination has been observed in more 
than 300 single-spore isolates and many other mass-spore isolates in collec- 
tions of the fungus from Canada, North Dakota, South Dakota, and Minne- 
sota. 

The effect of various media and temperatures on the type of germination 
was studied. Spores were germinated in sterile distilled water, Richards 
solution, potato decoction, and on water agar, malt agar, and on potato-dex- 
trose agars containing different concentrations of dextrose and agar. The 
septation type ” of germination occurred on all media except sterile distilled 
water. Spores were germinated on standard potato-dextrose agar at 10, 15, 
20, 25, and 30 degrees C., and germination was of the “septation type” at all 
temperatures. Ellis P. Darley, University Farm, St. Paul, Minnesota. 

The Use of Iodine in the Control of Potato Bing Rot and Seal).— Iodine, 
one of the strongest disinfectants, has been used experimentally for eon- 
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trolling certain plant diseases. Sayre and Thomas,^ reported excellent 
results on the control of oat smuts with iodine-vapor dust. Young and Mc- 
Clelland,^ working with a 10 per cent solution of iodine in carbon bisul- 
phide, obtained variable results in attempting to control oat smuts. An 
alcoholic-iodine solution was successfully applied for the control of Diplodia 
natalensis on orange by Reichert and Littaver.^ Raleigh^ found that 0.25 
per cent potassium iodide added to a 1 : 1200 mercury bichloride solution 
increased the efficiency of the latter as a dip for seed potatoes in the control of 
Bhizoctonia solani and that a 2 per cent solution of potassium iodide used 
alone did not control this fungus. No injury was noted. 

In the course of studies in California on the bacterial ring rot of potatoes, 
caused by Phytomonas sepedonica, iodine was tried as a dip for cut seed 
pieces and as a cutting-knife disinfectant to prevent the spread of bacterial 
ring rot and as a dip for uncut seed potatoes to control scab and Bhizoctonia 
solani. 

Considerable seed-piece injury and reduction in germination resulted 
when cut seed pieces were dipped for 3 minutes in a solution of 0.5 per cent 
iodine in 1 per cent potassium iodide, even when the seed pieces were rinsed 
in water after treatment. This treatment is injurious to seed-pieces and is 
not elfective against ring rot.^'® However, the disinfection of the cutting 
knife with a 1 per cent solution of iodine considerably reduced the amount of 
ring rot in the new crop. In the experimental tests, a ring-rot-infected potato 
tuber was cut, the slime adhering to the knife was wiped off with a cloth, and 
the knife was then dipped momentarily in the iodine solution before cutting 
each healthy tuber. 

In a field test at Shatter, using the White Rose variety, 5.3 per cent of 
the 225 hills were infected where the disinfected knife had been used, and 
the stand was 92 per cent. Where the knife was not disinfected, 78.7 per 
cent of the 169 hills were infected and the stand was only 71 per cent. 

For knife disinfection, an effective formula is 38 g. iodine, 76 g. potassium 
iodide, 1 pt. of glycerine and 2 gal. of water. The knife should be wiped on a 
cloth prior to dipping in order to insure the removal of masses of bacteria 
that might otherwise be protected by slime and tissue debris from actual 
contact with the disinfectant. 

Laboratory tests showed that the scab organisms within the scab lesions 
were killed by a 5-min. immersion of infected tubers in a 1 per cent iodine 
solution. Greenhouse tests showed that no injury was caused by this treat- 
ment when applied to whole tubers. 

1 Sayre, J. D., and E. C. Thomas. New dust treatments for oat smuts. Science (n.s.) 

28' 858—859 1938. 

2 Young, V. H., and 0. K. McClelland. Control of oat smuts. Pliytopath. 23: 825- 
830. 1933. 

3 Ueieliert, I., and E. Littaver. A new method of control of wastage in oranges. 
Hadar 10: 1-13. 1937. 

4 Ealeigh, W. P. Pungicidal efdeieney of a solution of mercuric chloride and potas- 
sium iodide. (Abstract) Phytopath. 23: 28-29. 1933. 

s Kendrick, J. B., and C. Emlen Scott. Summary of potato ring rot experimental 
plots in Calif ornia. 17 p. California Agr. Exp. Stat. (Mimeograph) . 1940. 

6 Kendrick,. James B., P. A. Ark, and C. E. Scott. Potato ring-rot studies in Cali- 
fornia. (Abstract) Phytopath. 31: 16. 1941. 
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In a field test at Shatter on the effectiveness of this treatment on whole 
Russet Rural seed potatoes heavily infected with scab, 2.5 per cent of the 
tubers grown from the treated seed showed scab, as compared wuth 47 per 
cent tuber infection in the control rows. In a similar field test at Davis, in 
which whole tubers were treated for 1 minute, 8 per cent of them showed scab 
infection as compared with 69 per cent in the control rows. 

The 5>min. treatment, as applied at Shafter to Russet Rural seed tubers, 
bearing selerotia of Bhizoctonia solan% failed to control this disease. 

Further tests with the 5-min. treatment of whole tubers showed that no 
reduction of germination was caused, even after the treated tubers were 
stored 5 months. 

Thus it appears that iodine may be useful as a disinfectant for the cutting 
knife to reduce the spread of ring rot and for whole seed tubers to reduce 
the incidence of scab. — P. A. Ark, Division of Plant Pathology, University of 
California, Berkeley, California. 

Chemical Eradication of Crown Gall on Almond Trees, — Crown gall 
(Phytomonas Uimefaciens (Sm. and Towns.) Bergey et al.) kills annually 
many productive orchard trees because of lack of reliable methods of con- 
trolling the disease in its early stages. In certain sections of California it is 
so serious that it has become a limiting factor in growing almonds and 
peaches. 

Attempts by both growers and investigators to eradicate the galls with 
Bordeaux-mixture paste or creosote compounds has resulted either in com- 
plete failure to kill the galls or in the death of treated plants. Although 
accumulated evidence shows that crown gall may be avoided by growing 
plants in acid soils, this is of more importance to nurserymen than to 
orchardists, because nearly all infections of orchard trees are attributable 
to mechanical injury at the crown followed by contamination of the \vounds 
with soil infested with Phytomonas tumefaciens. Thus the need for a good 
disinfectant for the eradication of the galls is obvious. 

Of the many chemicals tested by the writer during the past 3 years in 
seeking a method of eradicating the galls, sodium dinitro-cresol (sold as 
Elgetol) , iodine, and clove oil gave the most satisfactory results. 

Sodium dinitro-cresol mixture was prepared by taking 20 volumes of 
Elgetol and 80 volumes of methanol (methyl alcohol). The mixture is 
shaken well before using, and can be painted on a clean gall, covering thor- 
oughly the surf ace of the gall with a suitable painter’s brush and extending 
the application about ^-1 inch beyond the outlines of the gall of healthy 
bark. 

Of the iodine solutions, the following formulae gave very satisfactory 
results: Solution A.— Methanol, 50 parts; acetic acid (glacial), 25 parts; 
28: 858-15^ Elation between crown gall and pH of tbe soil. Pliytopatli. 

Manzenkrebs und sein Erreger Pseudomonas 
/acwis. VII. Mitteilung ^ITntersnebungen iiber die Mdglicbkeit einer wirksamen 
Bekampfung an Kernobstgebolzen. Zentralbl. f. Bakter., etc. Abt. 2. 99 : 210-276. 1938. 
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glycerine, 25 parts ; and iodine (metallic) , 10 parts. Solution B. — ^I^Iethanol, 
100 parts; acetic acid, 15 parts; and iodine (metallic), 12 parts. Solutions 
A and B are designed for use on whole galls. For applying these materials 
on a scarified surface, solutions A and B must be diluted with methanol 5 
and 6 times, respectively. 

The clove oil appears very effective in combination with methanol and 
glacial acetic acid. A formula, used experimentally by the writer, was as 
follows : Clove oil, 1 part ; glacial acetic acid, 1 part ; and methanol, 2 parts. 
In the event that a grower prefers to cut off the gall and treat the wound, the 
clove oil mixture should be diluted five times with methanol and metallic 
iodine added to make a 2 per cent strength. Clove oil is costly, and it is 
doubtful if it will ever prove of practical value in treating crown gall. Of 
the chemicals mentioned, sodium di-nitro~eresol (Elgetol) mixture is the 
cheapest and can be applied to the galls at any time of the year under Cali- 
fornia conditions. 

Tests showed that sodium di-nitro-cresol( Elgetol) -methanol mixture gave 
100 per cent control of the galls of almonds, ranging in size from 3 to 10 
inches in diameter. On almond trees, 55 galls treated from July to Decem- 
ber, 1939, were found dead when checked in May, 1940, and no new tumor 
tissue was observed around the remnants of the treated galls in September, 
1940. 

Iodine and clove-oil solutions are most effective when applied to galls 
in summer. Galls treated in hot weather were dead within 2 to 3 months. 
Table 1 shows the behavior of the galls treated with Solution A and the 
season of the year when treated. 


Table 1. — Effect of Solution A on crown galls of almonds treated in San Joaquin 
Valley, California 


Month 

JSTo. galls 
treated 

No. gaUs 
killed after 

2 months 

No. galls 
killed after 

6 months 

No. galls 
killed after 

12 months 

.June- July 

20 

14 

18 

20 

September 

18 

15 

16 

18 

December 

15 

0 

7 

12 


In some cases it was possible to eradicate the gall when it had almost 
completely girdled the tree. In such cases, the treatment must be performed 
only on part of a gall at one time. It is dangerous to paint such large galls 
with the chemicals mentioned above, since their accumulation in the plants 
may become sufficiently great to cause death. — P. A. Ark, Division of Plant 
Pathology, University of California, Berkeley, California. 

Observations on the Epidemiology of Tobacco Wildfire and Blachfire.— 
The relation of water-soaking of leaves to the infection and development of 
tobacco wildfire and blackfire (Bacterium tabacum Wolf and Foster, and 
B. aoigidaUim Fromme and Murray) has been recognized and described by 
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Clayton^ and Johnson.^' ^ Since the ''internal’' or physiological type of 
water-soaking has been observed on many species of plants under natural 
conditions, it is of general interest to know more about the factors con- 
tributing to its occurrence. Repeated efforts in this laboratory over a x^eriod 
of several years to reproduce the physiological type of water-soaking at will 
by artificial variations of the environment have not been entirely satisf ac- 
tory.2 Kecently, however, an important determining factor, namely, light 
intensity, has been demonstrated. When tobacco {Nicotiana iaiacimi L.) 
plants grown in a sandy soil in the greenhouse were placed in a moisture- 
saturated atmosphere, typical and abundant water-soaking of the leaves was 
obtained in darkness or in low light intensity (Pig. 1). Higher intensities 
of light, solar or artificial, prevented water-soaking under identical con- 
ditions of temperature and humidity. The reason for this response is not 
entirel}^ clear, although it is assumed that it is related to transpiration. 
Since the water-soaked condition must be retained for several hours to per- 
mit infection,® the time of day when it is initiated and the amount of sun- 
light may often determine the occurrence and severity of the disease. 

Some epidemics of the bacterial diseases in question apparently are not 
associated with any definitely known source of infection. This has led some 
investigators to believe that the parasites regularly evolve from certain 
common soil saprophytes,^ or that the parasites overwinter in the soil.® As 
possibly bearing on these theories, it has been found in this laboratory that 
a great variety of plants, including some common crops, may be infected by 
wildfire and blackfire organisms when in the water-soaked condition brought 
about by either internal or external forces.® It has now been found that the 
bacterial parasites in question may survive as long as 6 months in dead 
leaves of such atypical hosts as alfalfa (Medicago sativa L.) hay, refuse from 
beans {Phaseolus vulgaris L.), ragweed (Ambrosia bidentaia L.), lambs- 
quarter (Chenopodium album L.), and many other plants, as w^ell as tobacco, 
when stored in the dried condition. The opportunity for the organisms to 
overwinter and be disseminated in such material is, therefore, very good. 
This is not contradictory to Clayton’s® earliest results, since, at that time, 
the relation of water-soaking to infection was unknown and the multiplica- 
tion of the bacteria in the tissues of many hosts other than tobacco -was not 
readily obtained by artificial means. It is planned to publish the detailed 
results of these investigations at a later date.— William B. Allington, 

1 Clayton, E. E. Watersoaking of leaves in relation to development of the wildfire 
disease of tobacco. Jour. Agr. Bes. [U.S.] 52: 239-269. 1936. 

2 Johnson, J. Eelation of root pressure to plant disease. Science 84: 135-136. 
1936. 

3 J ohnson, J , Eelation of water-soaked tissues to infection by Bacterium angtclattim 

wid Bact, tahacum and other organisms. Jour. Agr. Bes. [IJ.S,] 55: 599-618. 1937. 

4 Beid, J. J., J. Naghski, E. G. Harris and H. D. McAuliffe. A cultural and serologi- 
cal study of Bhytomonas tahaca and certain related forms. Jour. Baet. 37: 234-235. 

1939. 

oVaileau, W. D., and S. Diachun. Burley tobacco diseases in Central Kentucky in 

1940. PI. Dis. Eptr. 25: (1, p. 18). 1941. 

® Cl^ton, E. E. Toxin produced by Sacterium tabaeum and its relation to host 
range. Jour. Agr. Bes. [IJ.S.] 48 : 411-426. 1934. 
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Fig. 1, Water-soaked areas on a large leaf secured under reduced light intensity. 
Other conditions heing the same, light appears to be a controlling factor. 

Division of Tobacco Investigations, U. S. Department of Agricultnre, Wash- 
ington, D. C., in cooperation with Wisconsin Agricultural Experiment 
Station, Madison, Wisconsin. 
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CiFERRi, Eapfaele. Manuale di Patologia Vegetate. (Manual of Plant Pathology.) 

S. Lapi Publishing House. (Citta di Castella) Italy, 1941. 

This is probably the most concise and comprehensive book on plant pathology yet 
published by an Italian. It differs greatly from most of the previously published works 
in that the author does not fill it with life histories of pathogens. He does, of necessity, 
include some of this material but stresses (what is more valuable) the control of diseases 
by adjusting environmental and cultural conditions. Ciferri feels that more is accom- 
plished by a detailed treatment of relatively few diseases involving fundamental prob- 
lems, than by a superficial treatment of a large number of diseases. 

Although the book is written primarily for Italian students in plant pathology, a 
careful perusal reveals that it presents a more comprehensive view on all the problems 
facing plant pathologists than many similar books in other languages. Italian investi- 
gators are cited almost exclusively, as the author says, ^^to acquaint Italian students with 
the large number of Italian investigators in the field. Consequently, the book gives 
what is probably the best coverage of Italian publications ever attempted. Other workers 
are cited only where some fundamental work by non-Italians is essential to emphasize or 
clarify the point under discussion. 

Manuale di JPatologia Vegetate is divided into 7 parts; the length of each part being 
a fair indication of its relative importance to the field as a whole. 

Part one (122 pages) deals with generalities. In it are included excellent discus- 
sions on disease concepts, ecology as it affects parasitic diseases, classification of diseases, 
predisposition, susceptibility, resistance and immunity, methods of dissemination of para- 
sitic agents, natural enemies of plant pathogens, and control measures. The use of resis- 
tant varieties, disease prevention by cultural practices, and fungicides are treated in con- 
siderable detail under control measures. The discussion on fungicides, for example, is 
treated more completely and is more timely than any Italian book on plant pathology I 
have ever seen. Seed disinfection, soil disinfestation, and disease symptoms complete the 
first section. 

The information in part two on nonparasitic diseases is presented in sufficient detail 
to make this section one of the most valuable in the book. The treatment of diseases 
resulting from inadequate or excessive light, unfavorable temperatures, humidities, and 
soils, and from inert dusts, toxic gases, and spray materials, are helpful not only to 
students but to advanced workers, as well. Approximately 100 pages of valuable informa- 
tion are found in this section. 

Part three (80 pages) covers virus diseases rather well. The diseases are sufficiently 
well illustrated to give the student a good idea of the varied symptoms produced by 
viruses. The more important researches of non-Italian investigators are covered in 
greater detail here than in any other part of the book. 

Part four (42 pages) discusses diseases caused by cryptogamic parasites. Here, the 
pattern follows closely that used by other Italian authors, although Ciferri is more ex- 
plicit than most, and ajppears to be a good evaluator of the more important contributions 
in the field. His selee^pn of typical diseases exemplifying rather large groups is good. 

The club -root organism on Crueiferae and its control, as well as related parasites, are 
discussed in the 5 pages of part five. 

Part six (287 pages) includes diseases caused by Eumycetes. The treatment here 
follows previously published Italian books more closely than any other section in the book. 

Phanerogamic parasites are discussed in considerable detail in the 40 pages of part 
seven. A number of appendices are included, all of which help to enhance the value of 
the book. Among the subjects covered in these sections are: The morphological and bio- 
logical characteristics of fungi and their significance, sexuality in fungi variability in 
fungi, harmful algae, and weed control. ’ 

The 256 illustrations were taken largely from previously published Italian literature, 
ihese were apparently chosen with care, inasmuch as they illustrate the diseases under 
discussion rather well. The book is inexpensive mainly because of the type of paper and 
binding used and not because of the contents. — P. P. Pirone, New Jersey Agricultural 
Experiment Station, New Brunswick, N. J. 


WILLIAM WILLIAMS GILBEET 
1880-1940 


L . L . H A R T E R 

William Williams Gilbert, senior pathologist, Bureau Plant Industry, 
United States Department of Agriculture, died in Washington, D. C., 
December 22, 1940. 

He was born at Dorset, Vermont, and spent his childhood days on a farm. 
His elementary education was obtained in the public school of Bennington 
County, and his college preparatory work at Troy Conference Academy, 
Poultney, Vermont, which he attended from 1896 to 1900. In the fall of 
1900 he entered the University of Vermont from which he graduated with 
the B.S.A. degree in 1904, with Phi Beta Kappa honors. During a portion 
of his undergraduate study, he was an assistant in the department of botany. 
In 1909 he was awarded the M.S. degree from the University of Vermont 
in plant pathology. Postgraduate work also was done at the University of 
Wisconsin, George Washington University, Columbia University, and in the 
Graduate School of the United States Department of Agriculture. 

Mr. Gilbert was a member of the following scientific societies : Botanical 
Society of Washington, Washington Academy of Science, Fellow A.A.A.S., 
American Phytopathological Society (charter member), Botanical Society 
of America, and Vermont Botanical Society. 

In 1904, Mr. Gilbert was appointed a scientific assistant in the office of 
Cotton and Truck Crop Diseases in the Bureau of Plant Industry, to assist 
the late Dr. W. A. Orton in breeding cotton, watermelons, and cowpeas 
‘ resistant to disease. During the period of this work he spent much of his 

time in some of the Southern States, and assumed much of the responsibility 
for the breeding trials and in the general carrying out of the program. 
Later he conducted investigations on certain of the diseases of tobacco and 
cucumbers. 

His entire scientific career was spent in the U, S. Department of Agri- 
culture. He was advanced from scientific assistant to assistant pathologist 
in 1909, to pathologist in 1913 and to senior pathologist in 1928. 

His scientific investigations were interrupted at the height of their pro- 
ductiveness in 1930 to fill a call in the Division of Horticultural Crops and 
Diseases for a man with a thorough scientific background to assume certain 
editorial responsibilities with respect to manuscripts originating in the 
Division. His duty was to see that the manuscripts were in the proper form 
for publication in the various journals and that the articles did not contain 
subject matter for which the Department should not assume responsibility. 
Mr. Gilbert proved to be the right man for the job. Being gifted with a 
flair for detail and thoroughness, the possessor of a spirit of helpfulness 
accompanied by an infinite supply of tact, he was able to deal successfully 
with the most sensitive authors. Mr. Gilbert served in this capacity until 
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his death. Although in poor health for a number of years, he faced his 
problems and the future with courage and discharged his obligations with- 
out complaint. 

He was a noble Christian gentleman in eveiy sense of the word — a man 
who seemed to see good in everyone and everything. Those who knew him 
were the better for it and those who knew him the longest and best, appre- 
ciated him most. The possessor of a kindly, tolerant, sympathetic, and even 
disposition, he greeted everyone cordially", despite the physical handicaps 
resulting from many years of illness. 

Publications that bear Mr. Gilbert's name as author or co-author, are: 


PUBLICATIONS OP WILLIAM W. GILBERT 

The root-rot of tobacco caused by TMelama hasicola, U. S. Dept. Agr., B. P. I. Bull. 
158. ^ 1909. (At^ request of Italian government, this bulletin was translated and 
published in Italian and distributed by the Italian government to Italian tobacco 
growers.) 

A method of inbreeding cotton. Proc. American Breeders Assn. 8: 405-409. 1912. 

The control of cotton wilt and rootknot. XJ. S. Dept. Agr., B. P. I. Gire. 92. 1912. 
Cotton anthracnose and how to control it. U. S. Dept. Agr. Farmers^ Bull. 555. 1913. 

Cotton wilt and rootknot. U. S. Dept. Agr. Farmers^ Bull. No. 625. 1914. 

Lightning injury to potato and cotton plants. Phytopath. 5: 94-102. 1915. 

Cucumber mosaic disease. Phytopath. 6: 143-144. 1916. 

Seed treatment control and overwintering of cucumber angular leaf spot. Phytopath. 8: 
229-233. 1918. 

Lightning injury to herbaceous plants. Phytopath. 8: 270-282. 1918. 

Boys and girls club work: diseases and insects of the home garden. U. S. Dept. Agr. 
Circ. 35. 1919. 

Seed transmission of cucurbit mosaic by the wild cucumber. Phytopath. 9: 326-327. 
1919. 

Soil disinfection by hot water to control the rootknot nematode and parasitic soil fungi. 
U. S. Dept. Agr., B. P. I. Bull. 818. 1920. 

Cotton diseases and their control. TJ. S. Dept. Agr. Farmers^ Bull. 1187 (superseded in 
1935 byF. B. 1745). 1921. ^ 

Field tests with cucumber angular leaf spot and anthracnose. Phytopath. 11: 298-299. 
1921. 

Diseases and insects of garden vegetables. U. S. Dept. Agr. Farmers^ Bull. 1371. 1924. 

Diseases and pests of fruits and vegetables. U. S. Dept. Agr. Yearbook (1925) : 453- 
599. 1925. 

An improved method for isolation of Thielavia hasicola. Phytopath. 16: 579. 1926. 

Control of mosaic and spot diseases affecting cucumbers. Canner 64: (10). 189-190. 
1927. 

Control of cucumber and cantaloup diseases in Maryland. Report of Maryland Vegetable 
Growers’ Assn. (1928) : 400-413. 1928. 

Chemical injury to watermelon in transit. U. S. Dept. Agr. Circ. 74. 1929. 

William A. Orton. (A biographical note.) Science 71: 89-91. 1930. 

Jesse Baker Norton. (A biographical note.) Jour. Hered. 31 (6) : 273-276. 1940. 


COMPAEATIVE PHYSIOLOGY OP CEOWN GALL, ATTENUATED 
CEOWN GALL, EADIOBACTEE, AND HAIEY 
EOOT BACTEEIA^ 

A. J. Eiker, Mary M. Lyneis, and S. B. Locke2 
(Accepted for puWication Marcli 15, 1941) 

INTRODUCTION 

Some basic questions coneerning atypical and pathological growths as 
approached through studies on plants, and particularly on the crown-gall 
disease, have been reviewed by Eiker and Berge (9). As they have ex- 
plained, one approach to these problems is through a comparative study of 
pathogenic and attenuated crown-gall bacteria. Another correlated ap- 
proach is through a study both of the pathogenic culture and of the tomato 
host in relation to the critical temperature range (28° to 30° C.) below 
which crown gall is found on inoculated tomato plants and above which no 
crown gall develops. These two lines of inquiry have been followed through 
certain investigations on nitrogen and carbon metabolism, physical chemical 
changes induced, serological reactions, and host-parasite relations. 

METABOLISM STUDIES 

The cultures used were all progenies of mechanically picked single cells. 
Two cultures oi Phytomoms tumefaciens (Smith and Town.) Bergey et al, 
the cause of crown gall, have been employed, one pathogenic (A6, Wright 
et al.j 14) and one attenuated (A6~6, Hendrickson et al., 3), the attenuated 
culture being a single-cell isolation from the mother culture. The culture 
(G 10) of Pliytomonas rhizogenes E.B.W.K.S., the cause of hairy root, and 
the never pathogenic culture of Bacillus radiohacter Beij. and Van Deld. 
(E-2), used occasionally for comparison, were also derived from single-cell 
isolations. From time to time during these studies the cultures were inocu- 
lated into plants to check their pathogenicity. 

Unless otherwise noted all the determinations reported were made in 
duplicate or triplicate, and were carried out 3 separate times. 

Utilization of Nitrogen 

Both organic and inorganic sources of nitrogen have been studied in 
regard to their utilization by pathogenic and attenuated crown-gall cultures. 
Since the hairy-root culture does not utilize nitrate as a sole source of 
nitrogen, it is not included in the ensuing data. The Radiobaeter culture 
was employed as a further check on the crown-gall cultures because of the 
occasional physiological differences reported by Sagen et al. (10) between 

Wisconsin Agricultural Experi- 
PouLadon was supported in part by the International Cancer EeseLeh 

^ The writers are indebted to Eugene Herrling for aid in preparing the illustrations. 
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it and Phytomonas hmiefaciens. Except for pathogenicity, they seem very 
closely related. 

The medium used contained: magnesium sulphate (MgS 04 * 7H2O), 0.2 
g.; sodium chloride (NaCl), 0.2 g. ; calcium chloride (CaCls), 0.1 g.; dibasic 
potassium phosphate (K2HPO4), 0.2 g. ; potassium nitrate (KNO3), 5.0 g.; 
glucose, 5.0 g . ; and distilled water to make 1000 cc. 

The method of seeding culture tubes was standardized as follows: The 
bacteria 'were grown on the Yevy favorable yeast-infusion-potato-dextrose 
agar. The potatoes were sliced into water and autoclaved for 20 minutes 
at 15 pounds’ pressure, and the unoxidized filtrate was used in the medium. 
After 48 hours’ incubation at room temperature, the bacteria were mixed 
with sterile distilled water to form a suspension corresponding in density to 
; McFarland’s ( 4 ) 0.5 per cent barium sulphate nephelometer. It was added 

at the rate of 0.2 cc. into each tube containing 10 cc. of medium. The cul- 
tures were incubated, respectively, at 28° and 32° C. 

Cultural characteristics were observed over a period of 3 weeks. All the 
pathogenic and attenuated crown-gall bacteria incubated showed abundant 
growth and formed pellicles. Radiobacter, however, failed to form a pel- 
licle. 

The utilization of the nitrate included in the medium was studied by tests 
for nitrates, nitrites, and ammonia, by tests with diphenylamine, Tromms- 
dorf ’s reagent, and Nessler’s reagent, respectively. The hydrogen-ion con- 
centrations induced by these organisms were measured with a quinhydrone 
electrode, so the results are only approximate in the strongly alkaline ranges. 
Representative results appear in table 1. Radiobacter used up all the 
nitrate with a strongly alkaline reaction. Doubtless some nitrate was em- 
ployed by the other bacteria in building protoplasm, but tests for nitrite and 
ammonia were negative. 

TABLE 1. — Changes after S weehs in reaction and in nitrate utilization by specified 
bacteria grown at given temperatures^ 

Culture 

i Patliogenie 

! crown gall . 

Attenuated 
crown gall . 
i Eadiobacter .... 

None 

a Eeactions are indicated as follows : +-H- strong, ~H moderate, + slight, ± trace, and 
- negative. 

Aspartic acid, glutamic acid, and tyrosine were used, both alone and in 
combination, as sources of nitrogen. The basic salt medium described 
earlier was used. The amino acids alone or in a mixture were substituted 
for the 5 g. of potassium nitrate. After seeding, the cultural characteristics 
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were studied at both 28 ° and 32 ° C. for a 2 week’s incubation period. Hydro- 
gen-ion determinations were run on the cultures, and tests were made for the 
presence of nitrates, nitrites, and ammonia. 

A mixture of the 3 acids was a good source of nitrogen for pathogenic 
and attenuated crown gall and for Eadiobacter organisms. Both strains of 
crown gall produced pellicles and a yellow color in the liquid media. Eadio- 
baeter produced a pellicle, but the media showed no color. Hairy-root cul- 
tures showed only slight turbidity and no pellicle formation or color. Eead- 
ings for hydrogen-ion concentration and for the presence of nitrate, nitrite, 
and ammonia showed no distinctive diiference in cultures incubated above 
and below the critical temperature range. All cultures, except hairy root, 
induced an alkaline reaction and gave positive tests for ammonia. Hairy 
root induced a slightly acid reaction and gave negative tests for ammonia. 

The 3 amino acids w^ere employed separately as a nitrogen source. A 
basic salt medium was prepared in 3 diferent lots : to the first, aspartic acid 
was added ; to the second, glutamic acid ; and to the third, tyrosine. Seeding 
and incubation temperatures were like those in previous experiments. 

Hydrogen-ion concentrations were determined and qualitative nitrogen 
tests were made after a month. The culture media seeded, respectively, wuth 
both strains of crown gall and containing, respectively, aspartic and glutamic 
acids showed a yellow color, pellicle formation, and an alkaline reaction. 
Growth on basic salt media containing tyrosine showed neither color nor 
pellicle formation and had an acid reaction. The crown-gall cultures were 
not differentiated. 

Ammonia was present in the inoculated culture of aspartic and glutamic 
acids. The cultures grown on tyrosine and the control tubes gave negative 
tests. 

Carbon Metabolism 

Studies of carbon metabolism (Pinckard, 5 ; Eiker ei al.^ 8,- Sagen et al.^ 
10) have been concerned with the utilization of various carbon sources at fav- 
orable temperatures. Certain of these investigations have been repeated with 
quantitative methods on cultures grown above and below the critical tem- 
peratures. Previous work concerned with the availability of various carbon 
sources has shown both glucose and sucrose to be good sources for crown 
gall, hairy root, and Eadiobacter organisms. These sugars were employed 
in media with the following formula referred to as the basic salt media: 
glucose or sucrose, 5.0 g.; magnesium sulphate (MgS04 * THsO), 0.2 g. ; 
sodium chloride (NaCl), 0.2 g.; calcium chloride (CaCh), 0.1 g.; dibasic 
potassium phosphate (K2HPO4), 0.2 g.; potassium nitrate (KNO3), 5.0 g.; 
and distilled water to make 1000 ec. 

The salts and sugar in neutral solution were autoclaved separately and 
then mixed and tubed aseptieally, with exactly 10 cc. in each tube. The 
tubes w^ere seeded as previously described. After 6 weeks’ incubation at 
28 and 32 ° C., respectively, quantitative sugar |determinations were made 
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according to the method of Stiles, Peterson, and Fred (12). The glucose 
sugar cultures were analyzed directly. The sucrose cultures were hydro- 
lyzed according to standard procedure by heating with hydrochloric acid at 
70° C. for 10 minutes. The pH readings were made with a glass electrode. 
The results are given in table 2. 


TABLE 2. — Fermentation of glucose aiid siierose 'by P. tumefaciens and B. radio- 
baoter at 28° and $2^ C, 



Incubated at 28° C. 

Incubated at 32° 0. 

Organism 

pH 

Sngara 

fermented 

pH 

Sugars 

fermented 



Per cent 


Per cent 


Glucose 


Patbogenie | 





P. tumefaciens 

7.8 

100 ! 

8.3 

100 

Attenuated 





P. tumefaciens 

7.6 

1 100 

8.2 

100 

B. radiobacter 

9.6 

1 58 

9.9 

56 

Control 

7.4 

0 

7.4 

0 


Sucrose 


Pathogenic 




95 

P. tumefaciens 

9.1 

96 

9.0 

Attenuated 





P. tumefaciens 

8,8 

94 

7.9 

88 

B, radiobacter - 

9.8 

47 

9.7 

47 

Control 

7.7 

0 

7.7 

0 


a In each case the amount of sugar in the control tubes was taken as 100 per cent. 

A study of the cultural characteristcis showed no differences between 
the pathogenic and attenuated crown-gall cultures, since both grew abun- 
dantly, forming pellicles in both sucrose and glucose. Eadiobacter produced 
traces of pellicle formation which disappeared after a few days. There 
were no visible differences in the growth produced above and below the 
critical temperature range. 

Sugar metabolism at 28° and 32° C. was very similar, both pathogenic 
and attenuated strains of crown gall fermenting all the glucose present; 
slightly less of the sucrose was fermented by these organisms. Eadiobacter 
was found to utilize about one-half of the sugar present, using somewhat 
more glucose than sucrose. Hydrogen-ion determinations, too, were similar 
at both 28° and 32° C. The crown-gall cultures changed the reaction only 
slightly and the Eadiobacter characteristically produced a very alkaline 
reaction in glucose. The reactions produced in sucrose were all basic. 
These studies indicate that the pathogenic and attenuated strains of crown 
gall are similar in their ability to ferment glucose and sucrose. 

Two series of studies using ethyl alcohol as a carbon source were made, 
since its utilization differentiated crown-gall bacteria from B. radiolacter 
(Sagen et al., 10). Basie nitrate medium was prepared as for the quanti- 
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tative fermentation studies, except that tlie alcohol was substituted for sugar. 
The basic nitrate salts were autoclaved; the alcohol was sterilized by filtra- 
tion and added. Sagen’s results were confirmed regarding differences be- 
tween pathogenic crown-gall bacteria and B. radiohacter, but no significant 
differences appeared between pathogenic and attenuated crown-gall cultures, 
whether below or above the critical 28° to 30° C. temperature range. Eepre- 
sentative pH readings were as follows : pathogenic crown gall at 28° C., 4.9 • 
at 32° C., 4.7 ; attenuated crown gall at 28° C., 4.9 ; and at 32° C., 4.6. 

The production of carbon dioxide was measured during a single trial in 
sealed Bldrich tubes containing barium hydroxide on one side and seeded 
1-per cent yeast infusion, 1-per cent glucose, and mineral salts medium 
on the other. The cultures used were pathogenic and attenuated crown-gall 
bacteria and hairy-root bacteria, respectively. Some tubes of each culture 
were incubated at 28° C. and others at 32° C. for 18 days at each tempera- 
ture. The crown-gall cultures had changed the medium from pH 7.7 to 6.7- 
6.9 and the hairy-root cultures to 4.2-4.4 at both temperatures. The amount 
of carbon dioxide evolved by all cultures from 20 ce. of media varied from 
0.024 to 0.027 g. More details on carbon dioxide production by these 
organisms are reported by Conner, Biker and Peterson (1). This evidence 
does not support the working hypothesis that carbon dioxide may be the 
stimulating material. 

Hydrogen sulphide production was examined in a single trial with 
those same cultures at the two stated temperatures. A peptone-mineral 
salts medium was used. The cultures were fitted with lead acetate filter 
paper. All showed strongly positive tests. 

SEEOLOGICAL TESTS 

Various immunological tests, particularly agglutination, have helped 
to differentiate closely related bacterial organisms. Since the specific 
organism is agglutinated by its homologous antisera at higher titers tbi^r i 
even closely related organisms, 5 series of agglutination tests were run to 
determine the relationship of the pathogenic and attenuated strains of 
Phytomonas tumefaciens. 

Babbits were used for the production of antisera. 

The antigens were prepared by suspending the growth of 48-hour cultures 
on yeast-water-potato-dextrose in 0.85-per cent salt solution. In 1 ce of the 
suspension there were approximately 200,000,000 organisms, according to the 
Burroughs Wellcome Co. opacity tubes for standardization of vaccines. 

^ n order to get the greatest possible distribution of organisms both 
intravenous and intraperitoneal injections were made. Four iniections 
were made at 4-day intervals. The doses were 0.5 ce., 1 0 ce 3 0 ec and 5 0 
ec. hjr ^e third and fourth doses, 1- and 2-cc. portions of Jim W Ise 
espectively were injected into the veins. After a rest period of 3 weeks’ 
these animals were reinjected to increase the antibody titer. First 0 5 ec 

rnoislj l^ter 1 ec. was injected intra- 
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Dilutions of normal sera and antisera were made with 0.425-j)er cent 
salt solntion. Doubling dilutions of the normal sera starting from 1-5 to 
1-1,280 and of the antisera from 1-20 to 1-10,240 were set up in serological 
tubes. 

Bacterial suspensions in 0.425-per cent solutions were diluted so that, 
when 7 drops of the antigen were added to 1 ce. of salt solution, the sus- 
pension was slightly turbid. Readings were taken after the solution had 
stood 24 hours at room temperatures. 

"With the first series of rabbits, titers up to 1-5,120 and sometimes 1-10,- 
240 were secured with homologous sera. The antiserum produced with 
virulent cultures (A6) agglutinated attenuated cultures (A6-6) only at 
1 to 640 or less. Likewise, antiserum produced with attenuated cultures 
agglutinated virulent cultures only at 1 to 320 or less. Virulent cultures 
grown at 28° and 32° C. showed no difference in agglutination. Similar 
results were secured with attenuated cultures. 

The second, third, and fourth series^ of rabbits, however, failed to dif- 
ferentiate the virulent and attenuated cultures. In the last two series the 
usual agglutination trials were supplemented by agglutinin absorption tests. 
In no case was a differentiation secured between the virulent and attenuated 
cultures. In the last 2 series, cultures attenuated with glycine (13), also 
were included. 

The details of these experiments have been omitted because of their 
volume and the similarity of results. These data present further evidence 
of the similarity in origin of these cultures. It appears that pathogenicity 
is independent of any factor associated with the agglutinins. 

OSMOTIC PRESSURE 

The importance of osmotic pressure has been emphasized in various 
early publications. Smith (11) considered that certain substances, namely, 
aldehydes, acetones, alcohols, acids, and alkalies, produced in the plant 
by the bacteria act together in producing tumors. This action he thought 
to be mainly osmotic rather than chemical, the osmotic pressure being 
raised by diffusion of metabolites into the cells. With this concept in mind, 
the pathogenic and attenuated crown-gall cultures were grown above and 
below the critical temperature range, not only in culture media, but also in a 
medium as similar to plant juices as possible. For this reason, tomato 
extract was chosen for preliminary trials and prepared in such a manner 
as to change it as little as possible. Freezing points were determined at 
intervals covering at least a month. The osmotic pressures were calculated 
from freezing points according to the table given by Harris and Qortner (2). 

Tomato-extract media in Series 1 and 2 were prepared according to the 
same method. A dilution of one part of fresh tissue with 2 parts of water 
by weight was necessary because stronger extracts often are relatively toxic 
to bacteria. The tissue was finely cut up, placed in a suction flask, and 

3 Portions of tliese studies were made by J. M. Van Lanen and Margaret M. Mills. 
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kept in a water bath at 65° C. for 2 hours under the partial vacuum from 
a water pump. The juice extracted was filtered through filter paper, the 
volume made up to the original, and portions of 160 ee. each were placed in 
bottles, except in Series 2 , where 40 ee. was placed in each bottle. In the 
second series, cotton plugs were used; in all other series caps Avere used. 
The bottles were autoclaA'ed at 8 pounds’ pressure for 75 minutes. The 
juice was extracted someAvhat differently in Series 3. The tissues were 
frozen at approximately - 15° F. for 20 hours, steamed for 1 hour, and then 
autoclaved at 17 pounds for 1 hour. 

For Series 4 and 5, yeast-water dextrose was used. It Avas prepared 
according to the folloAving formula: yeast infusion (1 per cent), 500 ce.; 
sodium chloride (NaCl), 0.2 g. ; magnesium sulphate (MgSO^), 0.2 g.; cal- 
cium sulphate (CaS 04 ), 0.1 g. ; dextrose, 10 g. ; 20 -per cent phosphate solution 
adjusted to pH 6.87 (a mixture of K 2 HPO 4 and NaHoPOi), 50 ce. ; distilled 
water to make 1000 cc. 160-ee. amounts were placed in bottles and auto- 
claved at 15 pounds for 1 hour. 

The inoculum in all eases was groAvn on yeast-Avater-mamiitol agar slants 
(Hendrickson, et al., 3). In the preliminary experiments only the patho- 
genic croAvn-gall cultures were used. These bottles were incubated at 24° C. 
In subsequent experiments the attenuated culture AA^as also used. In all 
experiments, except the preliminary one, duplicate sets of cultures were 
incubated at 28° and 32° C. The inoculum of Series 1 , 3 , 4 , and 5 consisted 
of 1 ee. of a suspension of the bacterial organisms equal in density to 0 . 8 -per 
cent BaSOi (McFarland, 4) . Since there was only 40 cc. of media in the 
bottles in Series 2 , 0.2 ee. of inoculum was used. The bottles were incubated 

and freezing points determined on the day of inoculation and at intervals 
thereafter. 

A Beckmann thermometer was used to determine the freezing points of 
tte cultures and controls. The freezing mixture was prepared by adding 
CaCl 2 to chopped ice, and the temperature Avas kept between - 7° and - 10° C. 
At least 4 samples of 40 ee. each were run. The freezing point of water was 
determined by averaging at least 10 determinations. Using the difference 
betAveen the freezing point of the media and Avater, the osmotic pressure was 
read directly from the Harris and Gortner ( 2 ) table. Hydrogen-ion concen- 
trations were tested by the quinhydrone method each time freezing point 
determinations were made. In all but the preliminary series the amount of 
undercoolmg was considered. 

No differences in osmotic pressure produced by pathogenic and at- 
tenuated crown-gall cultures, above and below the critical-temperature range 
were found in Series 3. Variations in osmotic pressure from interval to 
interval occurred attributable probably to the bacterial utilization of dif- 
ferent fractions of the medium. 

freezing points were done on cultures of the yeast- 
Aiatei-dextrose medium. Although variations similar to those found in 
tomato extract were found during the early part of the incubation period 
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these two series both showed a decrease in osmotic pressure of cultures after 
about the 18th day. This was probably because the sugar was changed to 
carbon dioxide, or to bacterial gum having less osmotic activity. The results 
of Series 1, 2, and 3 are omitted because there was no significant change in 
osmotic pressure of any of the cultures. Those from Series 4 and 5 are 
averaged and given in figure 1. 



Pig. 1. The changes in osmotic pressures produced in yeast-glucose medium by both 
pathogenic and non-pathogenic cultures grown, respectively, at 28° and 32° C. 


Hydrogen-ion concentrations recorded parallel with the freezing point 
readings showed no significant differences between the pathogenic and 
attenuated cultures. Those incubated above the critical temperature range 
were similar to those incubated at 28° C. Cultures grown on tomato extract 
showed that both the pathogenic and attenuated cultures produced an alka- 
line reaction of 8.0 or over. The controls became slightly more acid. The 
cultures grown in yeast-water-dextrose changed less than pH 0.16 hydrogen- 
ion concentration. 

These results indicate that both the virulent and nonpathogenic cultures 
produce small variations but no striking change in tomato extracts. While 
fluctuations occurred, particularly in the first few days after seeding, these, 
so far as could be determined, were essentially similar for both cultures. 
When an abundance of sugar was present, both cultures lowered the osmotic 
pressure doubtless as a result of sugar utilization. Here again there was 
no significant difference between the cultures. If anything, the virulent cul- 
ture produced less change than the attenuated culture. Likewise, cultiva- 
tion above and below the critical temperatures showed no significant dif- 
ferences. 

Measurements of the osmotic pressure in crown-gall and healthy tissue 
were attempted by two methods: (a) Sections of healthy and diseased 
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tissue were placed, respectively, in sugar solutions of known and graded 
concentrations. The strength of the sugar solution which would produce 
plasmolysis was noted, (b) Small pieces of gall tissue and of healthy 
tissue, respectively, were punctured with a copper-iron thermocouple made 
from wire 0.1 mm. in diameter. The iron wire was joined to copper wire 
in the cold junction. The two copper leads were connected to a high 
sensitivity galvanometer having copper terminals. The galvanometer had 
been standardized against the freezing point of water and that of graded 
sugar solutions. 

The results from both methods showed considerable variability. Differ- 
ent parts of the same gall and likewise different portions of the same stem, 
depending on the tissue involved, gave unlike determinations. For this 
reason the detailed results are omitted. In general, however, the gall had 
an osmotic pressure similar to embryonic tissue, both being somewhat higher 
than that of uninoeulated stem tissue. 

In view of these results it seems necessary to reserve judgment about 
osmotic pressure being the chief factor in the production of crown gall. 
However, it seems likely that the bacteria may produce small localized 
changes, as a result of their metabolism in the tissue, that may be impoidant 
in the complex. 

HOST-PARASITE RELATIONS 

Growth of Bacteria in the Host 

Since the attenuated culture of crown gall produces no galls and the 
pathogenic culture fails to produce galls on tomato plants at 32° C. and 
above, a study was undertaken of the rate of multiplication of the bacteria 
under these conditions in the host. The aim was to determine whether the 
failure to produce galls was because of a bacteriostatic effect of the host 
tissue. Accordingly, several series of plant inoculations have been set up 
and dilution plate counts made at intervals with the inoculated tissue. 

The methods used in these series of experiments were the same, except for 
variation in the number of bacteria introduced. The cultures employed 
were gro’wn 48 hours on slants of yeast- water-mannitol agar. The suspen- 
sions were made in sterile lake water and were approximately equal in 
density to the 1-per cent barium sulphate standard (McFarland, 4) . In all 
except Series 4, these suspensions were diluted 1-100 before inoculations were 
made. In Series 4 suspensions equal in density to this 1-per cent standard 
were used for inoculation. 

The inoculation each plant received was approximately .02 cc. of the 
suspension. It was introduced by a standardized capillary tube. The 
number of bacteria introduced was estimated by pouring plates of the 
original material. 

After inoculation, the wounded portion of the plant was wrapped with 
a narrow strip of adhesive tape to prevent the tissue from drying out. There 
was no disinfectant in this tape. The plants were placed, respectively, in 
ebambers at 25° to 28° C. (below the critical temperature range) and at 31° 
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and 34^^ C. (above the critical temperature range). Each chamber was 
illuminated for 12 hours daily with six 500-watt lamps cooled by rnmiing 
water. 

The number of bacteria in each plant inoculation was determined by 
plate counts on yeast- water-mannitol agar. These were made immediately 
after inoculation and at subsequent intervals thereafter. In Series 1, 2, 
and 3, tissue was taken from duplicate plants. In Series 4 and 5, the plants 
were inoculated in triplicate. 

The method for determining the number of bacteria present was as fol- 
lows : A section of stem 1 cm. above and 1 cm. below the point of inoculation 
was removed and macerated as completely as possible with sterile sand and 
10 cc. of sterile lake water in a sterile mortar. Further dilutions were 
made in bottles and tubes according to common procedure. The counts were 
made after 3 or 4 days’ incubation at room temperature on plates that almost 
always contained between 50 and 500 colonies. 



Eig. 2. Growth of virulent and attenuated er own-gall bacteria after inoculation into 
tomato stems growing below (25°-28° C.) and above (31°-34° C.) the critical tempera- 
tures for gall formation on tomato. 


Four preliminary experiments were carried out during the development 
and improvement of the technique. Although the results are omitted, they 
are in general agreement with those reported. Five series of trials are 
summarized in figure 2. The details of one representative trial are given 
in table 3. 

Before interpreting these results one may recall that the bacteria are 
introduced into wounds. The contents from ruptured cells serve, both in the 
injured cells and the fluid which passed into the intercellular spaces, as a 
cultural medium for the bacteria. Viewed in this regard there are obvious 
variations depending upon the size of the wound, the tissue involved, and 
the volume and distribution of the extravasated cell contents. Thus varia- 
tions may appear in the growth curves of the bacteria. 
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TABLE 3. — Change in number of mmlent and attenuated crown-gall hacteria after 
inoculation into tomato plants 


Days after 
inoealation 

Plant 

no. 

Bacterial plate counts — 000 omitted 

Virulent culture 

Attenuated culture 

Plants at 
atout 27° 0. 

Plants at 
about 32° 0. 

Plants at 
about 27° 0. 

Plants at 
about 32° 0. 



No. 

No. 

No. 

No. 

i 

1 

6.7 

6.7 

6.7 

6.7 

0 

2 

7.3 

7.3 

i 5.6 

5.6 


3 

11.3 

, 11.3 

; 7.1 

7.1 


1 

900 

1400 

: 530 

470 

1 

2 

700 

i 290 

530 

1190 


3 

340 

1 590 

1140 

730 ■ 


1 

1300 i 

620 

1300 1 

1690 

2 

2 

I 1580 i 

770 

1890 1 

1800 


3 

3180 

1290 

1140 

1300 


1 

1120 

1680 

1 1660 

1310 

4 

2 

1760 

850 

1480 

1890 


3 


820 

4500 

1910 


1 

2210 

460 

2130 

780 

8 

2 

4030 

920 

1260 

680 


3 

2720 

830 

1480 

2040 


1 

532 1 

230 

202 

366 

12 

2 

452 

216 

347 

282 


3 

239 ‘ 

221 

390 

127 


In relation to bacterial counts, the distribution of the bacteria as indi- 
viduals, or as small or large clumps, is influenced by various factors. These 
include the compactness of the bacterial mass, the density of the gum which 
embeds them, and the electric charge they carry. Likewise, the number of 
loci, (containing one or moi'e bacterial cells) which produce colonies as dis- 
cussed by Piker and Baldwin (7), is influenced by such factors as the vigor 
and distribution of the bacteria and the suitability of the medium. It is 
common for direct counts to be 10 to 100 times as large as plate counts. 
When these factors are considered, the variations are not surprising. Rela- 
tive uniformity has frequently occurred in the first day or two. It is appar- 
ent from the curves in figure 4 that the host plant has no significant bac- 
teriostic effect upon either the virulent or the attenuated crown-gall organ- 
ism at either of the temperatures employed. Thus, neither the failure of 
gall development in tomato at 31^ C. nor that following inoculation with the 
attenuated culture can be attributed to a deficiency in bacterial growth 
within the plant. 

In 4 of the 5 series a secondary rise in the pathogenic organism occurred 
after about 7 or 8 days. The first visible signs of gall formation were noted 
on about the sixth day. While no experimental evidence is available to 
explain this secondary rise, it seems possible that the swelling of cells under 
the pressure of the bacteria may reach a point at this time when the pressure 
about some of these swollen cells may burst a few of them. Such collapse 
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lias been observed frequently in gall tissue {e.g.. Biker, 6). Thus, with an 
additional amount of medium available for bacterial growth the number may 
increase. 

Since the tomato has no bacteriostatic effect on the cultures above and 
below the critical temperature, the question remains whether this critical 
temperature has its effects owing to a change in the bacteria or a change in 
the host. 

Host Temperature Studies 

The production of galls at 28° C. and below and the failure of gall pro- 
duction at 32° C. and above in tomato plants indicate that temperature is 
correlated with the physiological activity involved in pathogenicity. Since 
only the tomato plants have been used, other hosts were included to determine 
whether this physiological activity concerned the bacteria, the tomato host, 
or other hosts. The plants selected for further tests along with tomato were 


Pig. 3. Bespoiise of various plants to erown-gall inoculations at various tempera- 
tures. A. Sedum spectabile, 5 weeks after inoculation j B. Lycopersicum esoulentum^ 4 
weeks; C. Nicotiana ghctinosa, 4 weeks; B. Nicotiana tabaGum^ 4 weeks; E. Bryophyl- 
lum calycinum, 5 weeks; and P. Hybrid of N'* glutinosa and N, tabacum, 4 weeks. In 
every case stems having punctures only are at the left, inoculated stems grown at approxi- 
mately 27° 0. are in the center, and inoculated stems grown at approximately 31° 0. are 
at the right. 
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Sedum, Bryophyllum, Niootiana ghitmosa, Nicotiana tabacum, and a cross 
between Nicotiana tabacum and Nicotiana glutinosa. 

The treatment of the plants involved puncture inoculation of the young 
stems with a dissecting needle carrying virulent bacteria. Pour plants of 
each kind were thus inoculated. Controls were merely punctured. Dupli-- 
cate sets were placed in the chambers previously mentioned that were operat- 
ing at approximately 27° C. and 31° C., respectively. All of the plants that 
were merely punctured were grown at the higher temperature. 

Some plants reacted like the tomato plant and others formed galls above 
the critical temperature for tomato plants. Sedum and Bryophylhm 'were 
found to produce gall, like tomato, only at 28° and below, whereas all of 
the species of Nicotiana used produced galls both above and below the critical 
range. However, the galls produced above the critical temperature range 
were considerably smaller and made their appearance from a week to 10 days 
later than those produced at 28° C. and below (Fig. 3) . The punctured con- 
trols were negative in all cases. Only 1 series of Bryophyllum has been 
studied, but at least 2 series of each of the other species have been observed. 
Because these plants made satisfactory growth at the higher temperatures, 
the failure in gall production seems not to be attributable to lack of plant 
growth. Since the bacteria induce galls on some plants at the higher tem- 
perature, the eifect temperature has on pathogenicity seems correlated more 
with the host than with the bacteria. 


SUMMARY 

Crown-gall, attenuated crowm-gall, Radiobacter, and hairy-root bacteria 
have been studied comparatively in relation to various physiological char- 
acters. The virulent crown-gall cultures were carried both above 28-30° C., 
where no galls develop on tomato, and below this temperature, where they 
develop well. 

The crown-gall, attenuated crown-gall, and Radiobacter bacteria w’^ere 
similar in the utilization of various sources of nitrogen, various sources of 
carbon, and in the production of carbon dioxide and hydrogen sulphide. 
The virulent bacterial cultures, incubated both above and below the critical 
temperature for pathogenicity, were likewise similar in these characters. 
The hairy-root bacteria failed to initiate growth upon inorganic sources of 
nitrogen. It produced acid from certain sugars, unlike the crown-gall 
bacteria. 

The virulent and attenuated crown-gall cultures appeared similar in 
agglutination and agglutinin-absorption tests. Cultures grown both above 
and below the critical temperatures showed no significant differences. These 
serological studies suggest that pathogenicity is independent of anv factor 
associated with agglutinin. 

^ The virulent and attenuated crown-gall bacteria were similar in produc- 
ing minor fiuctuations in the osmotic pressure of tomato extract. In a sugar 
medium both lowered the osmotic pressure. Cultures above and below the 
critical temperatures were similar. 
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Both the virulent and attenuated bacteria grew well in the host tissue 
on both sides of the critical temperature. 

No galls developed on tomato, Sedum^ and Bryophyllum above the criti- 
cal temperature. However, galls were produced above this point on several 
kinds of tobacco. 
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SYNTHESIS OP TOBACCO MOSAIC VIRUS PROTEIN IN RELATION 
TO LEAP CHROMOPROTEIN AND CELL METABOLISM^ 

Mark W. ^YooJ)S and H. G. DuBxjy 
(Accepted for publication September 22, 1941) 

INTRODUCTION 

Since infection with tobacco mosaic virus {Marmor t abaci Holmes) 
results in cliloroplast derangement in certain suscept species (16, 17, 5, 13, 
4, and others) a possible connection between the virus protein and the 
chlorophyll protein was suggested. Recent work of Smith and Pickels (12) , 
and results obtained in our own laboratory, have indicated that not only the 
chlorophylls but also the carotins and xanthophylls are chemically linked to 
protein. 

Woods (16) was the first to indicate the role of oxidizing enzyme systems 
ill the destruction of chlorophyll in virus-infected plants. Peterson and 
McKinney (10) have shown a correlation between destruction of the plastid 
pigments and increases in ehlorophyllase activity in mosaic-infected tobacco. 
All the pigments were alfected proportionately. Sorokin (13) and Dufrenoy 
and Dufrenoy (5) have indicated that an actual proteolytic disintegration 
of the cliloroplast occurs as a result of infection with tobacco-mosaic virus. 
So far as we are aware no one has presented data dealing quantitatively 
with the effect of a virus on the ehronioproteins per se, although Loring 
et al. (8) and Price and Wyckoff (11) have reported isolating chlorophyll- 
green proteins with half the sedimentation constant of tobacco-mosaic virus, 
from healthy plants in the ultra-centrifuge. Price and Wyckoff (11, p. 93) 
state ^Ht would seem to be of fundamental importance to determine how 
closely the macromolecules are associated with the chlorophyll in living 
cells. They also suggest that these ‘hnacro-molecular substances’’ might 
be related to virus protein. 

Anson (1) has recently called attention to several methods of extracting 
chlorophyll proteins. We found these methods unsuited to the extraction 
of tobacco chromoproteins because of the rapid alteration of the proteins 
due to oxidative action. Furthermore, a method was required that would 
allow quantitative separation of the virus protein from the chronioprotein 
fraction. Some investigators in the preparation of virus-infected material 
have resorted to freezing. Freezing, as demonstrated by Anson (1), dena- 
tures the chromoprotein. Our own results also show that, following the 
usual procedures, excessive oxidation occurs (phenol-dehydrogenase systems 
in particular), which gives dark-brown preparations of the virus and a com- 
plex of altered proteins. Methods were developed that allowed a quantita- 
tive separation to be made between the chromoprotein complex and virus 

1 Expense of publication of this paper was borne by its authors 

^Scientific Paper A8 Contribution No. 1745 of the Maryland Agricultural Experi- 
ment Station (Department of Botany). ' ^ 
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protein avoiding denaturation. Since little has been published as to the 
' nature of tobacco ehromoprotein (‘‘chlorophyll-protein’') certain character- 

I istics of this substance were also determined from specially purified prepara- 

tions. It has been possible to develop some concepts as to the inter-relation 
of nitrogen metabolism, including chromoprotein and virus synthesis, and 
specific respiratory activity of the cell. 

EXPERIMENTAL METHOD 

i Plants of Nicotiana talacum var. Turkish, or hybrids involving N. gluti- 

nosa, were used in all experiments. They were generally grown in coarse 
; quartz sand and watered once a day with nutrient solutions. In controlled 

nitrogen-level experiments the following solution was employed : 

Ca(N03)2-4H20 0.005 Molar (or varied) 

MgS04*7H20 0.002 Molar 

KH2PO4 0.0016 Molar 

One (1) ce. of 0.1% Ferric tartrate per liter. 

A composite solution containing traces of MnS04, ZnS04, CUSO4 and 
H3BO3 was added. For the minus nitrogen solution CaCl2 was substituted 
for Ca(N03)2. 

A green-mottling single-lesion strain of common tobacco mosaic virus 
{Mamior tahaci Holmes), or a “yellow” derivative was used in all infection 
experiments. Inoculation was accomplished by rubbing the half leaf in the 
usual way with cheesecloth-covered spatulas, previously dipped in freshly 
extracted infectious juice. One half of each experimental leaf w^as inocu- 
lated, the other half serving as a controL In certain experiments the termi- 
nal bud and all axillary buds were removed prior to inoculation to x‘>i'Bvent 
complications arising from translocation of nitrogenous substances to the 
meristematic zones. Eespiratory activity was measured in terms of proto- 
plasmic streaming, as previously described (19, 20). 

The following procedure gave the most highly purified and stable prepa- 
rations of ehromoprotein. 

i (a) 25 to 50 g. of fresh leaf tissue (mid-iubs excluded) were thoroughly 

;j ground wdth quartz sand in a mortar containing about 100 cc. of a 0.5 per 

‘ cent ammonium sulphide solution (temperature 5 to 10° C.). The liquid- 

i extracted material was squeezed out through cheesecloth and the residue 

re-extracted until nearly colorless. 

(b) The combined extract was filtered with suction through coarse filter 

i paper and finally through Whatman No. 40 filter papers. 30 g. of ammo- 

: Ilium sulphate was added to each 100 cc. of filtrate and the precipitated 

;! proteins filtered off with Celite. 

(c) The filter cake was washed several times with fresh 30 per cent 
ammonium sulphate, and finally with progressively more dilute ammonium 
sulphate solutions until the chromoproteins just started to come through. 
The non-colored protein fractions removed by the dilute ammonium sulphate 

i solutions were discarded. 


Table 1. Procedure for quantitative determination of ohromoprotein, tohaceo-mosaio virus 
protein^ and certain other proteins in TurTcisJi tohacco. The proteins are extracted from the tis- 
sues as described under experimental method, item (a) of the qualitative procedure 



= Sample A 


^Sample B 

1. Protein sample A— Sample B Chromoprotein Complex 

^ = Protein ^x^tiou (In diseased tissue contains the virus protein and 

certain nuclear and cytoplasmic proteins that also occur in the healthy leaf halves.) 
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(d) A considerable amount of ehromoprotein eonld then be extracted 
by washing the filter cake with small quantities of distilled water. While 
the chromoprotein obtained in this way can be further purified by repeated 
precipitation with ammonium sulphate and elution, as just described, con- 
siderable quantities of the protein will be lost through adsorption to the 
Celite. 

(e) The chromoprotein was finally dialyzed in cellophane tubes against 
tap water (24 hours) and distilled water (24 hours). 

" For a quantitative comparison of chromoprotein and virus protein in 
infected and healthy tissues, the procedure outlined in table 1 was found 
practicable. In the quantitative procedure the initial extraction of the 
proteins is carried out as described in the isolation of more highly purified 
preparations. The method is sufficiently rapid to allow multiple extractions 
from plants grown under various experimental treatments. It is important 
to work at a low temperature (5° to 10° C.) particularly in the stages prior 
to ammonium sulphate precipitation. 

EXPERIMENTAL RESULTS 

Effect of Nitrogen Starvation on Respiration 

Since the multiplication of tobacco-mosaic protein is dependent on 
cyanide-sensitive respiratory enzyme systems of the cell (‘‘A-system’^) 
(19, 20), it was thought important to determine what effect nitrogen- 
starvation might have on these respiratory processes. Preliminary obser- 
vations had indicated that under conditions of nitrogen-starvation a reduc- 
tion in activity occurred in the particular enzyme system necessary for virus 
multiplication. Measurements of cellular respiration in terms of proto- 
plasmic streaming (see 19 and 20 for technique) show clearly that a suf- 
ficiently prolonged reduction in nitrogen supply brings about a marked de- 
crease in activity of the ‘ W-system^’ respiration. This system is probably in 
part identical with the cytochrome oxidase system of the cell (20). Table 2 
illustrates the results of 3 typical series of measurements with leaves from 
plants starved for nitrogen 8 to 9 days, and leaves from plants supplied 
with 450 p.p.m. of nitrogen during the same period. In this ease 6 Turkish 
tobacco plants about 40 cm. tall that had been grown with a nutrient solu- 
tion containing about 100 p.p.m. of nitrogen were used. Measurements of 
protoplasmic streaming in plants grown under similar conditions showed 
that about 70 per cent of the respiration of the leaves was cyanide-sensitive. 
The plants were divided into 2 lots, and the sand about the roots thoroughly 
flushed with tap water. One lot of 3 plants was then watered daily with 
the nutrient solution containing no nitrogen and the second group was sup- 
plied daily with a solution containing 450 p.p.m. of nitrogen. Terminal 
buds were removed at the start of the experiment and the lateral buds 
pinched off, as they developed. Bight days after placing the plants on the 
two different nitrogen levels the minus nitrogen plants showed distinct nitro- 
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Table 2. Effect of nitrogen starvation on cyanide- sensitive irrotoplasmic stream- 
mg i% TurMsh tobacco. Minus-nitrogen plants had been starved for nitrogen for 8 days, 
450 p.p.m. of nitrogen were supplied to the plus-nitrogen plants 


Samples 

Nitrogen 

supply 

Rates of eyclosis in microns 
per second^ 

Condition of leaf 

Before 

KCN-treatment 

After 

KON-treatment 


-N 

9.16 + 0,55c 

4.97 ±0.40 

Yellov\risli-green^ but 

1 




green dominant 


+ N 

11.80 ± 0.80 

2.68 ± 0.04 

Dark-green 

o 

~N 

8.28 ± 0.43d 

5.03 ± 0.30 

Similar to Expt. 1 

2!!t 

4* 

11.24 ±0.48 

4.42 ± 0.69 

Similar to Expt. 1 


-N 

7.70 ±0.24 

4.87 ± 0.32 

Yellowisli-green, but 

3to 




more yellow than in 





Expts. 1 and 2 


+ N 

10.40 ± 0.67 

2.46 ± 0.26 

Dark-green 


-N 

8.51 

4.95 


Av. 






+ N 

11.14 

3.18 



a Rate of eyclosis is an index to respiratory activity. Each value is the average rate 
of five representative cells. 

to Measured nine days after beginning of nitrogen starvation. 


c Standard error = \ — 

\n(n~l) 

dpour cells measured. 

gen deficiency symptoms. Protoplasmic streaming was measured in the 
marginal epidermal cells of leaves from each of the 6 plants. The data of 
table 2 show clearly that in the nitrogen-starved plants the cyanide-sensitive 
respiration, as indicated by protoplasmic streaming, constitutes a much 
smaller percentage of the total respiration than in the high nitrogen plants. 
This reduction is largely in the “A-system” respiration (20). It is inter- 
esting to note that, whereas nitrogen starvation brought about a decrease in 
activity of the “A-system,” an increase in the cyanide-resistant system 
(“ C-system ’ ’) occurred. The multiplication of tobacco mosaic virus brings 
about a somewhat similar inversion in the “A” and “C” systems (19, 20). 
Other experiments have given essentially the same results, although extreme 
nitrogen starvation, until practically all of the chlorophyll is gone, some- 
times brings about an almost complete loss in “A-system” activity. Obser- 
vations show that in plants grown at levels of nitrogen below 100 parts per 
million the respiration of dark-green leaves is less resistant to cyanide than 
the respiration of light-green leaves. While this is partly a matter of 
physiological age nitrogen supply seems to be one of the important 
factors. 

Respiration and Virus Synthesis 

Since we have previously shown (18, 20) that virus synthesis is depen- 
dent on the activity of cyanide-sensitive respiratory enzymes, and that this 
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system in its timi is dependent on nitrogen supply, it follows that a suffi- 
ciently prolonged deficiency of nitrogen would decrease the synthesis of 
viims by reducing the activity of the necessary enzyme system. That siteh 
is the case is shown by figure 2. Details will be discussed in relation to 
ehromoprotein synthesis. A supply of inorganic nitrogen in itself, how- 
ever, is not requisite to virus multiplication. A simple experiment serves 
to demonstrate these points. A full-grown leaf from a necrotizing hybrid 
(A. taiacum x N. glutinosa), grown at a medium nitrogen level, was removed 
from the plant and cut into 6 pieces. Each of 5 pieces was treated with 
HCN (tension over a 5 per cent solution of NaCN at 25° C.) for varying 
lengths of time before inoculation. Preliminary experiments demonstrated 
that the uptake of virus at the instant of inoculation is not prevented by 
cyanide (Table 3), although the reduction in number of lesions that may 

Table 3. Bffect of HCN treatments hefore and after inoculation of F-i hy'brid N. 
ta'bacum x N. glutinosa. In this experiment three leaves were each divided into three 
sectors and the sectors treated as indicated. All HCN exposures were for one hour at 
the gas tension over 10 per cent NaCN at C. 


Treatment 
of sectors 

Av. nmnher 
lesions 
per sq. in. 

Total number 
lesions 
counted 

Eemarks 


Cheek 

Cyanide hefore 

8.73 

192 

First lesions distinct 
hours 

; in 48 

inoculation 

Cyanide after 

3.96 

91 

Lesion development 
several hours 

delayed 

ilioculation 

4.20 

108 

Lesion development 
several hours 

delayed 


Table 4. The influence of HCN on lesion development in five treated sectors of a 
leaf of the hybrid N. ta'bacum x N, glutinosa. Exposures were to the tension of HCN 
over S per cent NaCN at C. for time periods indicated 


Period of 


Number of lesions developed 


exposure 
to HCN 
(minutes) 

48 hr. after inoculation 
Av. per Total per 
sq. inch sector 

72 hr, after inoculation 
Av. per Total per 
sq. inch sector 

Eemarks 

None 

37.5 

219 

Same ? 

Same? 

(coalesced) 

Too much coalescence 
after 72 hr. to count 

15 

23.4 

164 

Same 

Same 

Slight retardation 

30 

15.6 

83 

21.3 

114 

More retardation than 
following 15-minute 
treatment 

^ 45 

8.0 

41 

9.8 

50 

Much retarded 

60 

1.5 

10 

3.0 

20 

Very much retarded, 
still very small 72 
hr. after inoc. 

75 

0.6? 

4? 

0.8 

5 

Very much retarded, 


still very small after 
72 hr. 
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occur appears to be due to a blocking of virus multiplication in the orig- 
inally wounded and inoculated cell until a variable “incubation period” 
is passed, i.e., until the originally inoculated cell dies and is no longer able 
to transmit virus to adjacent cells. Treatments with gaseous HCN inhibit 
the “A-system” respiration for varying lengths of time, depending on the 
amount of HCN taken up by the tissues and the time required for this to 
be lost by diffusion subsequent to treatment. Table 4 indicates the degree 
of retardation in the lesions that became established and the reduction in 
amount of infection due to blocking of virus multiplication during the criti- 
cal “incuhation period.” Figure 1, A, illustrates the results of a similar 
experiment in which one sector was rendered lesion-free by cyanide treat- 
ment. It is clear from such experiments that the decrease in number of 
lesions is directly proportional to the intensity of HCN effect, as is the 
retardation in development of symptoms. That cyanide treatment does not 
permanently alter the susceptibility of the leaf is proved by the fact that 
reinoculation of HCN-treated leaves results in formation of new lesions. 
For example, the non-lesioned sector shown in figure 1, A, was held in water- 
saturated air for 94 hours after cyanide treatment, during which time no 
lesions developed. Certainly all free nitrate was reduced hy the leaf dur- 
ing this time. One-half of this sector was then reinoculated and a large 
number of lesions developed (Fig. 1, B). This proves that the cyanide 
effect is reversible and that virus can be synthesized in leaves that have been 
removed from all external sources of nitrogen for long periods of time. 

Nitrogen Supply and Virus Synthesis 

The amounts of virus protein formed in detached leaves of Turkish 
tohaeeo are likewise greater than would be expected on the basis of any 
small amounts of inorganic nitrogen that might conceivably remain in them. 
In one experiment one-half of each of 5 leaves was inoculated with the 
mosaic virus and the leaves immediately placed in a water-saturated atmos- 
phere in the dark at approximately 25° C. Five days later there was 
obtained from the inoculated halves of the leaves, 117 mg. of virus protein 
per 100 g. of fresh tissue. Other similar experiments with detached leaves 
yielded from 85 to 196 mg. of virus protein per 100 g. of fresh leaf These 
amounts of virus protein, on the basis of a 15 per cent nitrogen content 
correspond to 12.75 and 29.4 mg. of atomic nitrogen per 100 g. of fresh 
tis.sue, respectively. Since it is known that nitrates are reduced almost 
instantly in green leaves, it seems improbable that this much nitrogen could 
come from stored nitrates. 

Relation between Chromoprotein and Virus Protein 

Since the previous data indicated a relationship between enzyme activity 
and virus multiplication, it became of particular interest to determine the 
substrate for virus synthesis. Because of the known effects of the mosaic 
vrus on plastid proteins (13, 5), it was thought that chromoprotein 




Woods and DuBuy: Tobacco-Mosaic Virus Protein 


Pig. 1, Influence of HOlSr on lesion development in liybrid, Nicotiana tahacum Turk- 
ish xV. glniinosa, A. Six sectors; 4 days after inoculation: 1; Control; 2; treated 15 min- 
utes; 3; treated 30 minutes; 4, treated 45 minutes; 5, treated 60 minutes; 6, treated 75 
minutes. All treatments with HGN vapor over 5 per cent NaCNT at 25° C. before inocula- 
tion. B. Sector 6, 8 days after start of experiment and 4 days after reinoeulation of one- 
half of the sector. Sector 4, reinoculated at same time (encircled area). 
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(“chlorophyll-protein”) or its precursor might constitute this substrate 
in Yii’us-infeeted cells. Little has been published concerning the nature of 
tobacco chromoprotein. The procedure outlined under “experimental 
method” for qualitative extraction of chromoprotein yielded prepara- 
tions having the following properties : 

1. Dialyzed preparations are stable vath respect to dispersion. Samples 
have remained dispersed for 5i months when kept quiescent in the refrigera- 
tor at 5° C. 

2 . Dialyzed chromoprotein is coagulated by prolonged heating at 100° C. 

In the presence of a trace of salt heat coagulation is speeded up. 

3. In the presence of a trace of NaCl complete, reversible precipitation 
occurs between pH 4.9 to 5.1. Precipitation between 3.5 to 4.5 results in 
eomsiderable aggregation and the formation of not readily redispersible 
precipitates. 

4. The protein is irreversibly coagulated by freezing. 

5. The protein is coagulated and prosthetic groups are removed by ethyl 
alcohol, methyl alcohol, acetone, and ethyl ether. A trace of salt facilitates 
the removal of the prosthetic groups by these reagents. 

6. The white protein residue from ether precipitation gives positive 
biuret, xanthoproteic, and Millon reactions. 

T.flDigestion of the chromoprotein with 0.1 per cent commercial trypsin 
at 35° C. at pH 7.5 for 48 hours results in considerable breakdown in the 
protein with freeing of prosthetic groups. 

8. Analysis of the prosthetic groups by the chromatographic method 
shows that chlorophylls A and B, in addition to carotins and xanthophylls, 
are present. These appear to be bound on the same protein, as evidenced 
by identical behavior during precipitation by various means. 

9. The nitrogen content of the residue left after removal of the prosthetic 
groups with alcohol is between 14 and 15 per cent. 

In order to determine the effect of tobacco-mosaic virus on the chromo- 
protein content of infected leaves, quantitative measurements (Table 1) 
were made of protein fractions from diseased and virus-free half leaves of 
plants that were grown under varying conditions of nitrogen supply. A 
number of experiments gave the same type of data. The results of a typical 
experiment are presented in figure 2. The 9 plants used in this experiment 
were grown on a medium nitrogen solution until they were about 40 cm. tall. 
They were then de-budded and supplied with the various levels of nitrogen. 
Five days later, when the minus-nitrogen plants showed appreciable symp- 
toms of nitrogen deficiency, one-half of each leaf on plante in all sbZ 
was inoculated with tobacco-mosaic virus. Approximately seven days after 
inoculation all of the plants were placed in total darkness for 24 hours at 
a temperature of approximately 25° C. to remove as much starl Hos 

Starch hydrolysis was eonsideralVy retarded in the minus-nitrogen leaves. 
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Leaves were sampled immediately after removal from the dark, inoculated, 
and the check halves individually weighed and adjusted to equal weights. 
The results (Pig. 2) show that in the minus-nitrogen plants (a trace of 
residual nitrogen may have been present in the culture medium) and in 
the medium-nitrogen plants, sjmthesis of virus protein had proceeded at the 
expense of the ehromoprotein. At the high-nitrogen level, however, only a 
slight reduction in chromoprotein occurred, in spite of an increased syn- 



PARTS PER MILLION NITROGEN 

Fig. 2. The influence of nitrate supply on virus synthesis and ehromoprotein content 
‘ in half leaves of Turkish tobacco. Samples were collected 8 days after inoculation. The 

procedure followed in obtaining the different fractions is given in table 1. 

thesis of virus protein. Biological assays of virus activity corroborated 
^ the chemical data. Although the least amount of virus was found at the 

low-nitrogen level, the symptoms appeared earlier and were much more 
' pronounced than at the medium-nitrogen level. It is particulai'ly signifi- 

cant that the actual area invaded was apparently about the same in both 
cases. At the high-nitrogen level the symptoms remained almost completely 
; masked, notwithstanding the high virus titre. Protoplasmic streaming 
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measurements of the control halves 3 days after inoculation showed that the 
cyanide-sensitive respiratory system (“A-sj^stem”) had been greatly re- 
duced in activity in the low-nitrogen plants and was very active in the high- 
nitrogen plants. Other similar experiments indicated the same general 
relationships in regard to the proteins and cell metabolism. 

Experiments with detached leaves of Turkish tobacco indicated that 
virus protein is synthesized at the expense of chromoprotein. In one experi- 
ment, 75 mg. of virus protein was synthesized in 100 g. of fresh leaf tissue 
in 4 days. The control halves of the same leaves yielded 453 mg. of chromo- 
protein per 100 g. of tissue, whereas the diseased tissues yielded only 379 g. 
of chromoprotein. The reduction in ehromoprotein was thus equivalent to 
the amount of virus protein formed. 

While systemically infected plants grown at intermediate nitrogen 
levels indicated a replacement of ehromoprotein by virus protein it was, of 
course, necessary to use separate plants as controls. In one experiment, 
in a plant infected for approximately 60 days with a “yellow strain” of 
the virus, only 185 mg. of ehromoprotein were present in 100 g. of fresh 
leaf tissue, although approximately 180 mg. of virus protein were isolated. 
A healthy plant of similar age, and grown under the same conditions, 
yielded approximately 300 mg. of ehromoprotein. In another experiment 
leaves from a Turkish tobacco plant, systemically infected with the “green 
strain” of virus, yielded approximately 748 mg. of virus protein per 100 g. 
of fresh leaf and about 1100 mg. of ehromoprotein. A comparable healthy 
plant, grown under the same conditions, yielded 1704 mg. of ehromoprotein 
per 100 g. of leaf. These plants were grown at a relatively high nitrogen 
level, the control leaves being very dark-green. This yield of virus is the 
largest obtained in any experiment. The large yield of ehromoprotein was 
due to the fact that relatively young leaves with closely packed cells, rich 
in chloroplasts, were sampled. 

DISCUSSION 

^ Ihe results and conclusions presented in this paper indicate that the 
inter-relations between inorganic nitrogen supply to the cell, respiration, 
ehromoprotein synthesis, and virus protein synthesis can be represented as 
m figure 3. As Spencer (14, 15) has pointed out, the virus behaves as a 
foreign protein m that the cell is unable to bring about its hydrolysis That 
the virus IS not necessarily toxic in itself, however, is indicated by the 
masking of primary symptoms that occurred in high-nitrogen plants dur- 
mg formation of large amounts of virus protein. The extent of injury 
mused ly the virus seems to le dependent on the aUlity of the cell to main- 
taimU cyanide-sensitive respiratory enzyme system and normal chromo- 
protein halance. The inorganic nitrogen supply to the cell is a major factor 
m maintaining this halance, edthough without inorganic nitrogen, virus 

?4mToL ““y years ago pointed out that 

svmptoms of tobacco mosaic are in part those of nitrogen starvation. 
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Our results iudieate tliat virus proteiu is synthesized in a manner closely 
paralleling the synthesis of chromoprotein. The data indicate that the 
virus may be formed from the same building units for chromoprotein (or 
its hydrolytic products) if not from the chromoprotein itself. Holmes (7) 
has shown that chlorophyll se is not necessary for virus multiplication. 
This observation in no way invalidates the hypothesis just expressed. In 
the first place, plastids, especially leucoplasts, may occur in all plant organs. 
Secondly, Dufrenoy and Dufrenoy (5) Guilliermond et at (6) have shown 
that mitochondria (which are always present in the cell) develop into 
plastids and may thus be similar to plastids with respect to certain protein 
components. In this connection it is interesting to note that Claude (3) 
isolated the protein fraction from the mitochondria of cancerous animal 
tissue and obtained an elementary chemical analysis almost identical with 
certain plant viruses, including tobacco mosaic. Most significant is the fact 


CN-SENSITIVE 

RESPIRATION 



PROTEIN 

Eig. 3. Diagram representing the interrelation of the activity of a cyanide-sensitive 
respiratory enzyme system A-system^^) and chromoprotein and virus-protein synthesis, 
and their dependence upon nitrate supply. Unidirectional arrow towards virus indicates 
the inability of plant to reutilize virus protein. Function of ^^A-system^^ dernonstrated 
by effect of ON on virus synthesis. Indirect evidence exists for a similar functional rela- 
tionship to chromoprotein synthesis as indicated in the figure. 

that the mitochondrial protein is a ribose type nucleoprotein. Banga and 
Szent-Gyorgi (2) also have mentioned that chloroplast proteins may he 
related to nucleoproteins. 

It is generally admitted that the mitochondria of plant and animal cells 
probably are very similar in structure and, at least in part, in function (9). 
If we accept the view of Dufrenoy and Dufrenoy (5), Guilliermond et al. 
(6) and others that plant mitochondria are the progenitors of the plastids, 
the results of the present study suggest that viruses may be abnormal 
ehondriosomal or chromoprotein derivatives. 

SUMMAEY 

HCN blocks a particular respiratory enzyme system (“A-system”) and 
also blocks virus multiplication. 

Nitrogen starvation, if sufiSeiently prolonged, brings on a reduction in 
activity of cyanide-sensitive respiration. Since virus multiplication depends 
on this respiration system, nitrogen starvation can thus prevent or retard 
virus multiplication. 
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A method is outlined for the quantitative extraction and separation of 
leaf ehromoprotein and virus protein. Previously undescribed properties 
of the ehromoprotein are presented. 

Tobacco-mosaic protein is synthesized in a manner closely paralleling the 
synthesis of ehromoprotein and the data indicate the virus may be formed 
from the same building units as the ehromoprotein itself. 

The data suggest that tobacco-mosaic virus may be either an aberrant 
chondriosomal or ehromoprotein derivative or at least have a highly specific 
relationship to such proteins. ‘ 

XJuiVEESiTY OF Maryland, 

College Park, Maryland. 
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EXPERIMENTAL CONSIDERATION OP THE .MOLD TOXINS OP 
GLIOCLADIUM AND TRICHODERMA^ 

* RichardWeindlings 
(Accepted for publication March 3^ 1941) 

INTRODUCTION 

The term mold toxin is here employed to designate substances that are 
products of the normal metabolism of certain molds and that, even in small 
quantities, are toxic to other microorganisms. Brief notes have been pub- 
lished (16, 17) on mold toxins extracted from culture filtrates of Qliocladium 
fimlriaUtm G. and A. and of strains of Trichodernia. The toxin, isolated in 
crystalline form, was derived only from the Gliocladium. This fungus had 
been erroneously considered by the writer as a Trichoderma in the first 
paper (17) in which a brief report was given on the isolation and chemistry 
f of the toxin. Oliocladium, as well as Trichoderma, is capable of attacking 
and destroying the hyphae of Bhizoctonia solani Kiihn and other fungi when 
grown in conjunction on nutrient culture media (14). The toxins appear 
to be the chemical agents effective in this lethal action. 

The principal purpose of this article is to present data on factors deter- 
mining production, stability, and activity of the crystalline Gliocladmm 
toxin (gliotoxin).^ Some of the results reported here have been obtained 
incidental to culturing the Gliocladmm iuiogm on a large scale for the pur- 
pose of securing sufficient gliotoxin for chemical study.^ Data on the work 
with Trichoderma are included in the section dealing with the preliminary 
experiments. 

REVIEW OF LITERATURE 

A mold toxin, penicillin, has been purified by extraction of the culture 
filtrate of Pleming^s Penicillium with ether (3). This toxin resembles that 
of Trichoderma in being easily decomposed by the oxygen of the air (3, 15). 

. Bacteriotoxins that correspond to the mold toxins in their injurious effects 
towards other microorganisms, have been known for a long time. Pseudo- 
monas fluorescens produces a thermostable toxin which is soluble in alcohol 
(8). The lipoid nature of a bacterio-toxin of Bacterium pyoCyaneus 
Gessard has been demonstrated (12). The term 'Gipoid’’ indicates' merely 
a solubility relation and tells nothing about other characteristics of the 
toxins, except that this property may enable them to penetrate rapidly the 

1 A large portion of this research was conducted under a grant-in-aid of the National 
Research Council to H. S. Fawcett to whom the writer is greatly indebted for his con- 
tinuous enthusiastic interest. Laboratory facilities for this work were generously made 
available at the University of California by L. D. Batchelor, Riverside, and A. P. Krueger, 
Berkeley, and at Cornell IJniversity by L. M. Massey. 

2]srow with the U.S.D.A. Bureau of Plant Industry, South Carolina Agricultural 
Experiment Station, Clemson, S. C. 

3 The term gliotoxin^ ' has been suggested by J. E. Johnson. 

4 The writer assisted in the initiaiion of this work at the Baker Laboratory of Chem- 
istry, Cornell University, where W. F. Bruce and J. R. Johnson are investigating the 
chemistry of gliotoxin. 
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plasma membrane of living cells. However, the fact that the toxins dis- 
cussed here are not complex proteins gives hope for isolating other toxins 
in chemically pure form. 

Apparently the mold toxins have no relation to the classical bacterial 
toxins that induce the production of specific antitoxins when injected into 
susceptible animals. According to Baton (4) the purest preparations of 
true bacterial toxins give protein tests, while work reviewed by Wells (19) 
tends to show that they are not proteins. Wells also discusses the ability 
of some lipoids to modify the antigenic specificity of proteins with which 
they unite. 

Toxic substances of lipoid nature have been shown to play roles in ani- 
mal and plant diseases caused by microorganisms. Bodin and Lenormand 
(1) report that one of the two poisons produced by Aspergillus fumigatus 
is a lipoid. It may be extracted by ether from the mycelium or the culture 
medium of the pathogen, and is thermostable in acid solution. Clayton (2) 
has demonstrated that the toxin produced by Bacterium tahacum Wolf and 
Poster is thermostable and is not affected by various protein precipitants, 
including alcohol. Fusarinie acid (20) has been isolated from the culture 
filtrate of Fusarnm heterosporum. It has a growth-inhibiting effect upon 
rice seedlings. 

PEELIMINAEY EXPEEIMENTS 

Before concentrating the work on Gliocladium, a search was made among 
various antagonistic fungi for isolates that would furnish filtrates suffit 
.ciently potent and stable for chemical tests. Oliocladium fimiriatum gave 
filtrates characterized by a toxicity that was more stable than that from 
TricJwderma isolates of the pigmented type (15). Nontoxic filtrates were 
obtained from all other isolates of Trichoderma and from Acrostalagmus 
cinnaharinus Corda. Since these organisms destroyed hyphae of Bhizoc- 
tonia in nutrient agar plates, on contact, as well as at a 'little distance, it 
appears very likely that they produce a diffusible toxic agent. Preliminary 
tests seemed to indicate that the failure to demonstrate toxins was not 
because of volatility of toxic materials, accumulation on prolonged culture, 
or dependence upon the presence of other organisms. 

As in previous work (15), the fungi were grown in Petri dishes on a 
liquid glucose-peptone medium at pH 4.5 for two days. The toxicity of the 
filtrate was determined by suspending agar disks with Bhizoctonia solani in 
dilutions placed on glass slides. The highest dilution at which the contents 
of the Bhizoctonia hyphae were seen to be disorganized on microscopic exami- 
nation, served as a measure of toxicity (lethal index) corresponding to the 
minimum lethal dose of bacteriologists. When larger amounts of filtrate 
became necessary, the fungi were grown in flasks, using the shaking culture 
method herein described. Gliocladium filtrates from shaking cultures were 
almost as effective as those from Petri-dish cultures. Yields of the Tricho- 
derma toxin were not so good as in Petri dishes. Standing flasks were 
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It was thought that anti-oxidants might stabilize the Trichoderma toxin 
whose rapid decomposition is effected mainly by the oxygen of the air (15). 
Addition to the culture solution of 0.5 per cent (by weight) hydroquinone 
proved ineffective. However, when ethyl alcohol was added to the culture 
filtrate of Trichoderma to give a concentration of 33 per cent, most of the 
toxic effect could be preserved for one day and some of it for 3 days. 

At the beginning of this investigation, unsuccessful attempts were made 
by various methods to purify the mold toxins : adsorption on charcoal and 
kaolin, filtration through a graded series of collodion membranes, and use 
of protein precipitants. The aforementioned stabilizing effect of ethyl alco- 
hol suggested the use of alcohol for extracting the toxins. Ethyl alcohol 
was added to the culture filtrate of Gliocladkim to give a concentration of 
33 per cent alcohol. When salted out by saturating with ammonium sul- 
phate,'the supernatant alcoholic phase was found by toxicity test to contain 
more than half of the toxic materials of the original filtrate. The residue 
left after evaporating the alcohol dissolved sparingly and slowly in water, 
but redissolving it in a little 95 per cent alcohol proved to be an easy means 
of bringing it into the water solutions. 


TABLE 1. — Extraction of culture filtrates of Gliocladium and Trichoderma (Volume 
of solvents = 40 'per cent of volume of filtrate) 


Solvent 

Lethal index^ of 

Control 

Gliocladium filtrate 

Trichoderma filtrate 

Orig- 

inal 

Solvent 

phase 

Water 

phase 

Orig- 
i inal 

Solvent 

phase 

Water 

phase 

Solvent 

phase 

Water 

phase 

Chloroform 

50 

40 ' 

2 

90 

60 

6 

4 

1 

Ethyl ether 

50 

30 

15 

1 90 

' 40 

22 

0 

2 

Benzene 

50 

32 

3 




1 

1 

Petroleum 









ether 

50 

2 

40 

90 

2 

60 

0 

2 


a Lethal index 50 means that 1 : 50 was the highest dilution at which most Mhwoc- 
tonia hyphae died. 


Extraction by lipoid solvents other than alcohol demonstrated the lipoid 
nature of the 2 mold toxins (Table 1). Chloroform proved to be a more 
effective extracting agent than did ether or benzene, while petroleum ether 
did not remove the toxins. The toxicity data were obtained in these experi- 
ments at dilutions containing 0.2-2.0 per cent alcohol. These high dilutions 
excluded the possibility of alcohol being the toxic factor. Dilutions were 
made in tenth molar solutions of KH 2 PO 4 , which were toxic to Bhkoctonia 
hyphae at an alcohol content of 10 per cent, but not at 5 per cent. The 
solvents were evaporated from the extracts by applying a vacuum at room 
temperature and from the watery phase by a stream of carbon dioxide to 
avoid destruction of the Trichoderma toxin. The minimum lethal dose of 
the crude Gliocladium toxin obtained as residue of the chloroform extract 
was calculated as 3 to 5 p.p.m., while that of the cinide Trichoderma toxin 
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was 50 to 100 p.p.in. It should be considered that the instability of the 
latter no doubt caused a considerable loss during* the processes of extracting 
and testing. 

FACTORS AFFECTING THE PRODUCTION OP GLIOTOXIN 

Methods 

A modification of the shaking-culture method of Kliiyver and Perquin 
( 7 ) gave better results in this work than any other procedure tried. Since 
the method seems to be little-known, it will be discussed in some detail. 
Data on physiological work with mat-forming fungi frequently show exces- 
sive variations between duplicate flasks. The mycelial mat of fungi, grown 
on a liquid medium by the conventional method, is composed of cells origi- 
nating and living under heterogeneous conditions, particularly with respect 
to aeration and nutrition. The culture period extends over a long time, so 
that some mycelia are growing while others form spores or die. By placing 
the culture flasks in a shaker, Kluyver and Perquin secured homogeneous 
cell material in the form of mycelial balls. Aliquot amounts of these balls 
were transferred after 2 days’ growth to media in other shaking flasks for 
physiological experiments. Uniform and abundant supply of nutrients 
and rapid diffusion of metabolites hastened growth, so that good yields of 
kojic acid were obtained from Aspergillus flavus within a day, and duplicate 
flasks checked closely (7). 

The primary purpose of the work on the GUocladium w^as to secure con- 
siderable quantities of crystalline material for chemical study. The best 
yields were obtained at high shaking speeds, 90 to 100 movements per minute, 
instead of the 80 used in the original method. Through such violent shak- 
ing, diffuse mycelium developed in place of mycelial balls. The cultures 
were grown from spores, since transfer of mycelium from one flask to the 
other after 1 or 2 days’ growth reduced the toxin yield greatly. 

The general procedure used at first will be outlined here. Modifications 
are discussed with the experimental data. Pound, 500-ee. and 1000-cc. 
culture flasks with long necks were filled to i their volume with the following 
medium: 25, g. glucose, 2.5 g. peptone, 2 g. KH 2 PO 4 , 1 g. MgS 04 , and .01 g. 
PeCla in 1000 cc. water. The pH of the medium was adjusted to 3.5 by 
adding phosphoric acid prior to autoclaving for 30 min. at 15 lb. pressure. 
Spore suspensions for inoculation were prepared by washing spores from 
potato dextrose agar slants on which the fungus had grown for 6 to 10 days. 
The concentration of the suspension was determined by means of a spore- 
counting cell. Measured amounts of the suspension were pipetted into the 
flasks just before placing them on the platform of the shaker. The latter 
stood in a room of fairly uniform temperature (23^ C. d= 2 ). At the con- 
clusion of the shaker runs, which usually lasted 2 to 3 days, the mycelia were 
separated from the culture filtrate by passing through filter paper. The 
toxicity of samples was determined by the aforementioned biological test. 
Then, 2 extractions were made by chloroform, using amounts equal to 10 
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PERIOD OF GROWTH IN HOURS 

Fig. 1. Production of gliotoxin in a glucose-peptone medium of pH 3.5. Toxicity 
of filtrates from cultures grown by tbe shaking method for various periods, and amounts 
of toxin and gum extracted from them by chloroform. 

the filtrate does not increase after that time. The yields of gliotoxin de- 
creased in this experiment after 2i days. This probably was due to the 
appearance in the chloroform extracts of progressively larger amounts of 
gum, which hindered purification of the crystalline material. In later work, 
ammonium salts instead of peptone, were used as the source of nitrogen, 
because little gum was formed with them. Cultures grown 3 days in am- 
monium media yielded usually a little more toxin than comparable cultures 
grown for 2 days. The curve of yield data of gliotoxin obtained from such 
media probably would be similar to that of the lethal indices of the filtrate 
in figure 1. 


per cent of the water phase. After distilling the chloroform from the extract 
over a water bath, the residue was taken up in a little hot ethyl alcohol 
from which the gliotoxin crystallized on cooling. A second crystalline 
fraction usually was obtained from the concentrated mother liquors. The 
combined yields were dried in a desiccator and weighed. The combined 
mother liquors also were dried to a gum and weighed. 


Time Relations in Toxin Production 
Most of the gliotoxin is produced within the first 2'| days of growth 
under the aforementioned conditions. Figure 1 shows that the toxicity of 
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Baela of the yield data of figure 1 was derived from twelve 500-ec. flasks. 
The yield calculations were made on the basis of the volume of filtrate 
obtained after 36 hours’ growth. The pH of the culture medium at the 
conclusion of the runs varied between pH 3.2 and 3.6 The inoculum con- 
sisted of 100 million spores per flask. 

Effect of Amount of Inoculum on Toxin Production 

The growth period at which the gliotoxin is produced in shaking cul- 
tures is the period of most rapid multiplication of cells corresponding to 
the phase of logarithmic increase in the growth of bacterial cultures. The 
logarithmic phase is limited in any given volume of culture medium by a 
certain cell population. It was thought that lowering the initial popula- 
tion might extend the logarithmic phase and increase toxin yields. Table 2 

TABLE 2 . — Efeet of amount of inoeulum on the yield of gliotoxin (fungus grown 
for S6 hours in glucose-peptone 'medium at pE 3.5) 


Experiment 

number 

1 Number of spores 

per 500-ee. flask 

Yield per 1000 cc. of filtrate 

Pure toxin 

Gum 


Million 

mg. 

mg. 

1 

100 ^ 

19.2 

42.0 


10 

27.8 

35.2 

2 

80 

14.7 

102.5 


20 

1 17.7 

52.1 


5 

29.6 

33.0 


indicates a definite trend in this direction. Thimann and Dolk (13) have 
shown that the production of indole-acetic acid by BJiizoptts siiinus is inde- 
pendent of the amount of inoculum over a wide range. This substance is 
released by the fungus in the period after logarithmic growth. 

Effect of pH and Composition of the Culture Medium 
on Toxin Production 

Production of gliotoxin was considerably smaller at low hydrogen-ion 
concentrations than at high ones. In a representative experiment, the 
culture medium of one-half of the flasks was adjusted to pH 3.5, that of 
the other half to pH 6.0. After two days’ growth the pH values were 3.5 
and 5.9. The lethal indices of the filtrates were 65 and 7, and the toxin 
yields were 28.1 and 2.5 mg., respectively, per 1000 cc. of filtrate. 

The weights of fungus mycelia obtained in this experiment were deter- 
mined after thorough drying. The mycelia produced at pH 6.0 weighed 
nearly twice as much as those of pH 3.5. Eesults obtained in other experi- 
ments confirmed that no correlation existed between yields of mycelium 
and toxin. 

Apparently the yield of toxin was not affected in media containing 
double or half the amounts of ingredients of the normal. Ammonium tar- 
trate, replacing peptone as nitrogen source, gave higher yields (40-70 mg 
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per L)j possibly because of the scarcity of gum material in the chloroform 
extracts. Further experiments regarding the effect of nutrients on the 
production of gliotoxin were carried out in connection with large-scale 
cultivation of the fungus. The organism was grown for 3-day periods in 
3- or 6-liter flasks, filled to i their volume with culture medium, and placed 
on a shaker carrying about 50 liters at a time. Very good toxin yields (40- 
100 mg. per 1.), were obtained at reactions of media as acid as pH 2.5-3.0. 
This high acidity allowed the use of media prepared without complete 
sterilization. Thus was avoided the need of such expensive equipment as 
sterilizer-incubators, which have been used for work of this type in various 
forms (6, 11). Contaminations were rarely observed when hot tap water 
of 60-70° C. was used in making the medium, and when vessels and utensils 
were kept rigorously clean. In a few cases cultures had to be discarded 
because a red yeast contaminant developed. In spite of this unorthodox 
method of cultivating the fungus, the following results are considered fairly 
well established. Glucose could be replaced by sucrose, but not by glycerine 
or levulose. Ammonium salts gave much better results than nitrates. This 
difference was apparently not attributable to pH relations, for the pH of 
the nitrate media did not rise above 3.1. 

The standardization of aeration and shaking practices should be carried 
farther than was done in this work if it is desired to secure uniform results. 
Duplication of results on production of gliotoxin was difficult. Occasionally, 
considerable differences were obtained between .duplicate sets of cultures 
grown at the same time. Such variations were common with sets of cultures 
grown at different times. The shaking-culture method has, nevertheless, 
proved useful for toxin production because it speeds up the growth cycle. 
Most of the mycelia pass through the logarithmic phase of growth within 
such a short period that the toxin may be secured without interference from 
other chloroform-soluble substances that accumulate on prolonged culture. 

The Mechanism of Toxin Production 

Since it can be obtained on synthetic media lacking organic radicals, 
except those of sugar, gliotoxin must be either synthesized from sugar and 
salts, or broken down from other compounds built up by the fungus from 
sugar and salts. The toxin apparently is not a decomposition product of 
proteins, as might be inferred from the presence of nitrogen and sulphur in 
the molecule. Methods used with endo-toxins have failed to secure it, such 
as autolyzing the mycelium, and extracting the dried and ground hyphae 
with water or lipoid solvents. Moreover, the amount of toxin produced does 
not increase after the period of logarithmic growth, as would be expected of 
a break-down product of proteins. Since this is true also under conditions 
giving relatively small yields, it cannot be attributed to saturation of the 
solution with respect to the material. 

The yield curve of the gliotoxin in shaking cultures indicates that the 
peak of production is around the middle of the second day of growth. The 
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patliogenie effect of Gliocladium is found to be also at its beigiit during the 
second day, when the fungus is planted in nutrient agar cultures by the 
seeded-plate method, and grown in conjunction with BUzocionia solani 
at 25° C. The period of maximum toxin production and the attack on 
other fungi are slightly earlier in this case than those observed with 
Trickoderma (15), 

It appears that abundant supply of oxygen and high concentration of 
hydrogenions are conditions essential to good yields of the toxin. The com- 
position of the medium appears to be of secondary importance, though am- 
monium salts are more favorable than other nitrogen sources. The signifi- 
cance of these findings with respect to the mechanism of production of the 
toxin may become clear through the investigation of its chemistry. 

INFLUENCE OP ENVIRONMENTAL CONDITIONS ON STABILITY AND 
ACTIVITY OF GLIOTOXIN 

Method of Toxicity Test 

The method of testing the toxicity of culture filtrates was mentioned 
at the beginning of this article. The following modification was used in 
experiments with gliotoxin. Bhizoctonia cultures on non-nutrient agar were 
cut into square pieces of 5 mm. diameter. Four such pieces were mounted 
on a glass slide, each one in 2 drops of the test solution. Four glass slides 
were used for each dilution. The slides were incubated in moist chambers 
at 27“ C. for 20-24 hours. The L.D. 50 (dilution at which 50 per cent of 
t e hyphae survived) was computed by plotting the toxicity percentages 
obtained at the various dilutions and drawing the toxicity curve. 

This is an adaptation of the method McCallan and Wilcoxon (10) used 
in their extensive work on spore germination and the effect of fungicides. 
0 jeetions may be raised against the Bhizoctonia test on the grounds that 
toxicity data are based upon estimates of the percentage of hyphae affected. 
Corresponding toxicity tests have been carried out, therefore, using the 
^avonte test ±‘ungim of McCallan and Wficoxon, Sclerotinia americana 

(Woim.) Nort. and Ezek. Spore germination counts were made strictlv 
according to their method. “ 

Results of tests comparing the effect of gliotoxin with that of metallic 

and Bhizoctonia (Tables 3 and 
fit Bhizoctonia was about 1.5-3 times 

f- 1 y ^ Bh^zoctoma. Based on molecular concentrations the re] 
mllelular wdght 

The germmation of Gliocladium spores in solutions of the same materials 
pieseuts an inteesUng contrast (Table 4). The two metallic fungicides 
effective on Gliocladium as on Sclerotinia. Inhibitim-'effects 
of the toxin on germination of the fcZadmm spores were so slight, how- 
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TABLE 3. — Relative toxicity of metallic fungicides and gliotoxin toward Bliisoc- 
tonia solani 


CReniical 

Experiment number 

1 

2 

3 

4 

5b 

Gliotoxin 

300a 

425 

250 

250 

630 

Mercuric cMoride 

610 

600 

700 

750 

800 

Copper sulphate 

170 


23 

40 

105 


a Toxicity expressed as LD 50x1/1000, that is, at a concentratioji of 1:300,000, 
50 per cent of the Bhisoctonia hyphae survived, 
b Test in glass vials instead of on glass slides. 


TABLE 4. — Belative toxicity of metallic fungicides and gliotoxin toward spores of 
Sclerotinia americana and GUocladiim fimhriattim 


Chemical 

Sclerotinia americana j 

experiment No. | 

Gliocladium f, 
experiment No. 

1 

2 

3 

4 

5 

I 

2 

Gliotoxin 

458a 

292 

603 

353 

413 

Below 15 

Below 15 

Mercuric chloride 

478 

681 

1068 

532 

912 

700 

1222 

Copper sulphate... 

235 


352 

174 

262 

90 

142 


a Toxicity expressed as LB 50x1/1000, that is, at a concentration of 1: 458,000, 
50 per cent of the spores germinated. 


ever, that they conld not be expressed accurately in table 4. The highest 
concentration of the toxin used was 66.7 p.p.m. which represents nearly a 
saturated solution in distilled water, and thus limits the observable toxicity 
for this method. Toxicity tests with potent culture filtrates of Oliocladmm 
showed a similar lack of activity upon both the fungus and its spores. 

Tables 3 and 4 reveal considerable variations between experiments car- 
ried out at different times. McCallaii and Wilcoxon (9) have called atten- 
tion to this difficulty, one that has not been entirely overcome by extreme 
care in standardizing conditions. This fact should not be overlooked in 
making comparisons of the data. 

Representative experiments have been selected for the following sec- 
tions. These experiments were carried out after the effective ranges of the 
treatments had been determined in preliminary tests. 

Stability of the Gliotoxin 

Aliquot amounts of the solution containing 66.7 p.p.m. of the pure toxin 
were adjusted to various pH values by adding molecular potassium phos- 
phate buffer solutions at the rate of 1 part to 20 of the toxin solution. The 
samples were stored or heated in sterile test tubes closed with cotton plugs. 
Buffer solutions of pH 4.5 were used when testing the toxicity. 

The acidified solutions preserved their toxicity for long periods, con- 
firming previous results with nonpurified toxin. In alkaline solutions, how- 
ever, the rate of decomposition increased decidedly with increasing pH 
(Table 5) . More of the toxicity was destroyed after 1 hour at pH 9.0 than 
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TABLE 5. — Effect of pH on the stability of solutions of gliotoxin (Toxin solutions 
hept at the pH values during specified periods at 27° C., before testing them at pH 4.5) 


Experi- 

ment 

number 

Period 

of 

storing 

Toxicity after storing in buffer 
solution of pH 

Control 

(original 

solution) 

4.5 

6.0 

7.1 

8.2 

9.0 

i 

1 hour 



420a 

360 

120 

360 


6 hours 




122 

28 



24 

390 a 



22 

Below 15 


2 

1 hour 



300 

330 

22 

300 


6 hours 1 





180 

Below 15 



24 

300 




28 

15 


3 

3 days 

405 


375 



670 


' 14 

620 


Below 15 




4b 

7 days 

600 

320 

240 



640 


See table 3, footnote a. 

^ Solutions sterilized by ultrafiltration before storing. 

after 6 hours at pH 8.2, or 24 hours at pH 7.1. The loss of activity at 
pH 7.1 in experiment 3 was probably due to the effect of bacterial contami- 
nants that developed in the solution. Decomposition proceeded very slowly 
in the solutions of pH 7.1, which had been sterilized by passing through a 
Berkefeld filter (Experiment 4). Samples of pH 7.1 stored at 37° C., in- 
stead of 27° C., lost from | to f of their toxic effect within 24 hours, accord- 
ing to tests paralleling those presented in table 5. This indicates that the 
rate of the reaction involved in decomposition increases rapidly with rising 
temperature. The toxicity data at pH 4.5 (Experiment 3) bring out the 
need of adequate controls when tests have to be made at different times. 
Apparently, the material used after 3 days was less sensitive than that at 
the beginning and at the conclusion of this experiment. 

The thermostability of the toxin was found to depend on the acidity of 
the solution (Table 6). Boiled in a water bath, the solutions decomposed at 

at Effect of heating at various pE values on solutions of Gliotoxin. (Tested 


Heating 

Heated in buffer solutions of pH 

Original 

solution 

Temp. oQ. 

Time 

minutes 

. 2.4 

4.5 

5.0 

5.6 

6.1 

100 

15 

360a 

360 

310 

45 

30 

360 


30 

360 

360 

210 

22 

22 



60 

360 

195 

90 

22 

15 


123 

30 

330 

100 

22 

15 

Below 15 



^ See table 3, footnote a. 

pH values below 5.0 much more slowly than at less acid pH levels. At pi 
IbipressuTm stable, even when autoclaved for 30 minutes at 1 
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Activity of tlie Gliotoxin 

As is usual witli inhibiting substances, the action of toxin solutions was 
increased and accelerated with rising temperatures (Table 7), The tests 


Tx\.BLE 7 . — Effect of temperature on the activity of gliotoxin. (Tests in screw-top 
glass vials at pH 4.5) 


1 

Period of ! 
test, hr. 

Temperature during test in °C. 

3 

12 

18 

1 21 

27 

30 

32.5 

4 





15a 

55 

215 

8 

1 


35 

85 

180 

215 

925 

20 

20a 

45 

185 

305 

380 

500 

1200 

28 

40 

80 

305 





48 

120 

160 







a See table 3, footnote a. 

Note: blank spaces at upper left indicate toxicity values below 15, tliose at lower 
riglit indicate that no further increases in toxicity were obtained. 


were carried out in screw-top vials containing 3 cc. of solution into which 
the agar disks with BMzoctonia were placed. This procedure proved to be 
more practical under the conditions of the experiment, and gave results 
similar to the glass slide method. 

Tests of toxin solutions at various pH levels showed that maximum activ- 
ity occurred at pH 8.2 (Table 8). At pH 9.5 the toxin was destroyed. The 


TABLE 8 . — Effect of pE on the activity of the gliotoxin 


Experiment 

number 

I Test in buffer solutions of pH 

4.5 

7.1 

8.2 

9.5 

I 

340a 

320 

640 


2 

540 

400 1 

1200 


3b 

360 

390 

900 

Below 15 

4b 

300 

300 

1575 

Below 15 


a See table 3, footnote a. 
b Tests in glass vials. 


high toxicity at pH 8.2 may be attributed to an intermediate product in de- 
composition. It was noted that toxin solutions became deep yellow shortly 
after adding alkali, and changed to a pale yellow later. 

It has been shown with respect to the stability of the toxin that tempera- 
ture and pH eifects have to be considered jointly. Further investigation 
will be necessary to complete our knowledge in regard to the effect of these 
factors on the activity of the toxin. 

The isolation of the gliotoxin makes it possible to study the effect of 
environmental factors on the chemical agent responsible for the antagonistic 
effect of one fungus toward the other. Such studies seem desirable if one 
wishes to understand and to make practical application of the mechanism 
of these interactions. In this investigation, production, as well as stability, 
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of the toxin were found dependent upon tlie acidity of the substratum, while 
activity increased with rising temperature. If it is assumed that such 
behavior may be true in general for antagonistic organisms in the soil, one 
might thus explain why the antibiotic activity of these organisms toward 
plant pathogenic fungi in various experiments has been found to be favored 
by high temperature and high acidity of the soil ( 5 , 18 ). Since the toxin is 
formed by the Gliocladium during active growth onlj^, its antagonistic activ- 
ity in soil evidently is limited by the supply of organic materials the fungus 
has to share with numberless competitors of the soil population. When 
viewed thus against the background of nature’s associations, the present 
study is a small beginning in the direction of elucidating association effects 
of microorganisms. 

SUMMARY 

In experiments leading to the isolation of the crystalline toxin of 
Gliocladium (gliotoxin), fungi, antagonistic to Bhizoctonia solani in nutrient 
culture media, were investigated with respect to the toxicity of their culture 
filtrates. Potent filtrates were secured from Gliocladium fimhriatum and 
from certain Trichoderma isolates, but not from other Trichoderma isolates. 
The toxic substances could be extracted from filtrates of the two fungi by 
lipoid solvents. Chloroform was the most effective extracting agent. 

^ The gliotoxin is produced during the logarithmic phase of growth. Also, 
It IS to be noted that the antagonistic action on other fungi, when grown 
in conjunction with Gliocladium, takes place at this period. The toxin is 
thought, therefore, to be the agent responsible for the antagonistic effect. 
The shaking-culture method, which has given high yields of toxin, speeds 
up the life cycle of the fungus. This facilitates the purification of the toxin, 
since other chloroform-soluble substances accumulate on prolonged culture 
particularly in media containing peptone. 

Abundant supply of oxj^gen and high acidity (pH 5.0 and lower) ap- 
peared to be essential for good yields of gliotoxin. Ammonium salts as 
nitrogen source gave better results than peptone or nitrates. Glucose and 
sucrose were good carbon sources, while levulose and glycerine depressed 
yields. No correlation was found between amounts of mycelium and toxin 
produced. Nonsterilized media of pH 2 . 5 - 3.0 were employed for large-scale 
production of the toxin. The high acidity minimized the influence of con- 
taminants during the brief growth period of 3 days. 

Toward the germinating spores of ScleroUna americana and hyphae of 
Bhizoctonia so am, the fungiddal effect of gliotoxin is greater than that 

u O4 and less than that of HgCla. The germination of spores and vege- 
a ive activity ot the mycelium of Gliocladium are little affected by nearly 
s<itu rated solutions of the toxin. 

In neutral and acid solutions, the toxin is stable when kept for several 

ThflfeSTecZT''- the toxin is very unstable. 

Ihe rate of decomposition increases with increasing alkalinity and tempera- 
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tiire. Toxin solutions of pH 2.4 are not affected by exposure to 122° C. for 
30 minutes. The thermostability decreases with decreasing acidity, particu- 
larly beyond pH 5.0. 

Magnitude and rate of the toxic effect increase with increasing tem- 
perature. When tested at various pH levels, maximum activity was noted 
at pH 8.2. The material was so unstable in a solution of pH 9.5 that toxicity 
was lost immediately. 
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THE LINE PATTERN VIROSIS OP THE GENUS PRUNES^ 


DonaldCation 
(Accepted for publication February 15, 1941) 

INTRODUCTION- 

AYitiliii recent years a number of leaf -mottling viroses from various 
sources have been described for the genus Prunus. Confusion as to the 
identity of these viroses has resulted largely from the lack of standardization 
of the varieties from -which symptom expressions are described and, to a 
lesser extent, from the varied reactions of the diseased trees gro-wing under 
dilferent environmental conditions. There are also indications that certain 
investigators have been working with mixed viroses. 

There is some doubt as to the relationships of several diseases of plums 
and peaches. These are variously described by Valleau (6) as a virus dis- 
ease of plum and peach, by Thomas and Hildebrand (4) as a virus disease of 
piune, and by Thomas and Rawlins (5) as the Vacaville plum mosaic. The 
disease reported by Thomas and Hildebrand was later named prunus virus 
No. 6 by Smith (3). This paper reports experiences with somewhat similar 
viroses of plum, peach, and Mahaleb cherry. 

VIRUS DISEASES OP ABUNDANCE PLUMS IN NUESBRIES 

In 1933 the writer was asked to test and index Abundance plum trees 
from 4 widely separated commercial nurseries. For convenience these nur- 
smes will be designated as source 1 (Kentucky), source 2 (Ohio), source 3 
(Tennessee), and source 4 (Alabama). The nursery that furnished the 
source 1 trees was also the one studied by Valleau (6). Three trees from 
each source were planted 6 ft. apart in the field and a duplicate series was 
planted m the peenhouse. Bud grafts from trees of the 4 sources were made 
on bearing Elberta trees (1 each) and into seedling peach trees (2 each). 

e buds set m the bearing peach trees grew into plum branches and all other 
grafts grew or made tissue union. In the next 4 years it was apparent that 
scion wood from sources 3 and 4 transmitted no unusual symptoms to peach 
trees The original trees from sources 3 and 4 were uniforMy more vigorous 

b° fteri ‘■“‘a.’' 

The Abundance trees from source 1 bore lighter green narrow lea 
somewhat curied mder at first but graduaUj- assuming nomial habit Thty 
lemained distinctly chlorotic throughout the summer, in similarity to the 
plum disease described by Valleau (6) and illustraied in his We W 
Abundance trees from source 2 appeared normal in color, sire andlhane ri 
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pared with trees from sources 3 and 4. Trees from 3 different sources are 
shown in figure 1. 

Buds from sources 1 and 2 , grafted into adjacent bearing Elberta peach 
trees in the college orchard at East Lansing, sprouted and grew during the 
first season into equal-size shoots about 3 feet long. The shoots were excep- 
tionally vigorous and the leaves appeared normal during the first season of 
growth, a response similar to the reactions of sprouts from yellows or red 
suture bud insertions, which show normal growth the first season. 

In 1934, the second year, the leaves on the plum sprout from source 1 
grafted into Elberta went off color and displayed symptoms identical to 


Eig. 1. Abundance plum trees from sources 2, 1 and 3, respectively, in the nursery row. 

those of the original parent tree. This sprout bore a crop of 12 to 15 plums 
that appeared normal for the variety in size, color, flavor and time of ripen- 
ing. In the succeeding years very few fruits were borne on this sprout, 
although the few borne were normal. The graft inoculations from source 1 
did not transmit leaf patterns or any observed symptoms to the Elberta 
leaves or fruit, or to the inoculated seedling peach trees during 3 additional 
years of observation, 1935, 1936, and 1937. These grafts are pictured in 
figure 2. 

Comparatively, during the same period, the plum sprout from source 2, 
grafted into a bearing Elberta tree, bore during the period of observation, 
some 20 to 30 normal plums annually, and the size, shape, and color of the 
plum foliage seemed normal for the variety. In further contrast to grafts 
from No. 1, however, the inoculations from source 2 transmitted line patterns 
to Elberta and seedling peach trees the year after budding and succeeding 



grafts on peach three years after budding: Top, 

branch shows subnormal growth but transmits n ' ■ ^ ■ 

rhis plum branch appears normal but transmits 

years. Usually, about a dozen 
on each inoculated tree, 
for 6; " ’ 

sistently transmitted line patterns' 
from the 4 different 


^ ^ , source 1. This plum 

i transmits no_ symptoms to peach. Bottom: source 2. 
-- 3 line-pattern symptoms to peach. 

or more plainly marked leaves eould be found 

_ of these trees have been under observation 

years, during which time frequent buddings from this source have con- 

* '^^0 differences in the Abundance trees 

nurseries arc presented in table 1. 

THE LINE-PATTEEN DISEASE IN MICHIGAN OECHAEDS 

Attempts to index plum trees in several Michigan orchards for virus dis- 
eases showed the line-pattern disease present in 3 widelv 
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TABLE 1 . — Differences in Abundance pUim trees from four different nurseries 


Source of trees 


Characteristics of trees 


Effect of inoculation 
on peach trees 


Nursery 1 

Nursery 2 

Nursery 3 
Nursery 4 


Smaller, lighter green foliage. Weaker 
growth, normal fruits hut shy-hearing 
Normal foliage, possibly weaker growth, 
normal fruits, moderate-hearing 
Normal 
Normal 


None ohserveda 

Line-pattern symp- 
toms 

None observed 
None observed 


a Observing similar trees from this same nursery Valleau (6) found that at least part 
of them transmitted line patterns to peach. Although Valleau recognized the possibility 
of a mixture of several viruses in this plum stock, his experiences with certain tobacco 
viroses caused him to lean toward the single virus theory. 

on certain Eed June and Abundance plum trees. Three other orchards have 
not produced symptoms. Of the plum trees that transmitted line patterns, 
mosaic mottlings were observed on only a few leaves of 1 Eed June water 
sprout. 

The line-pattern disease has never been observed occurring naturally in 
Michigan peach orchards, although it appeared naturally on 2 adjacent 
seedling peach trees in the writer’s nursery row. The seedlings were grow- 
ing near diseased plum trees from source 2, and the escape was presumed to 
result from an unknown insect vector. 

THE LINE-PATTERN DISEASE ON MAHALEB CHERRY 

In 1938 the writer found the typical line patterns on Mahaleb cherry 
sprouts growing from the stock roots of a Montmorency cherry tree near 
Hart, Michigan. This tree was adjacent to an abandoned plum orchard. 
No line patterns could be detected in the leaves of the Montmorency cion top. 
Unfortunately the cherry orchard was cut down before buds were obtained 
for inoculation. In the same year Abundance plum buds from source 2 were 
grafted into two Mahaleb seedlings. One of these inoculated Mahaleb seed- 
lings developed definite line patterns in about 12 leaves, which were observed 
and photographed in August, 1939. Both of the Mahaleb seedlings showed 
definite line patterns in 1940, as shown in figure 3. Careful examination 


Eig. 3. Line patterns on Mahaleb cherry leaves transmitted from source 2 p>lum- 
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SYMPTOMS OP THE LINE-PATTERN DISEASE 

The line-pattern virosis of peach is recognized by a diffused type of mot- 
tling'/ rather faint, and of a paler color than the green of the normal leaf. 
The mottling covers leaf areas of valued size, or is arranged in indefinite 
crooked lines (Fig. 4). Leaf symptoms are readily detected early in the 


I Kt. 4. Line pattcmiB and diffuse mottling on peach leaves transmitted from source 2 plum. 

season, about mid-June, or earlier, but tend to become masked or disappear 
later in tlie summer. Some leaves, however, showing line patterns can fre- 
quently be found on infected trees throughout the growing season. 
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showed no line patterns present in 96 other Mahaleb seedlings that served 
as controls. 


OTHER INOCULATIONS OP THE LINE-PATTERN DISEASE 

The line-pattern virus was retransferred through several dijffereiit seed- 
ling peach trees by grafting in the past 6 years, with no apparent loss of 
virulence. The writer has records of 22 positive inoculations by grafting 
and no negative results when tissue union between diseased and healthy 
tissue was established. In addition to seedling trees the disease was trans- 
mitted to Elberta, Hale, and Carmen varieties, the only standard varieties 
tried. 
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In several instances trees witli line-pattern disease could be detected in 
the nursery rows a dozen or more feet away by a dull east to the foliage in 
contrast to a glossy sheen from healthy trees. Neither yellowing of the 
leaves nor defoliation has been associated with the disease. There is some 
evidence to indicate that peach trees growing in sod or lacking in vigor are 
more likely to mask the symptoms. In the writer’s experience peach leaves 
showing the line-pattern disease have never produced necrotic spots, al- 
though a spot necrosis of peach, not associated wdth line patterns, is under 
observation. 

RELATION OP THE LINE-PATTERN DISEASE TO OTHER DISEASES OP THE 

PEACH AND PLUM 

It is apparent from Valleau’s (6) illustrations and descihptions that he 
was working with a line-pattern disease similar to, if not identical with, 
the one found in Michigan and Ohio. Comparing his inoculation experi- 
ences with those in Michigan, it seems possible that he was working with 3 
distinct diseases, a line-pattern mosaic, a spot necrosis and a plum virosis 
somewhat similar to Prunus Virus No. 6. The Vacaville plum mosaic men- 
tioned by Thomas and Eawlins (5) may also be similar to or identical with 
the peach line-pattern disease. The descriptions and illustrations presented 
by Atanasoff (1) do not appear identical to the line-pattern disease of peach. 

The Abundance trees, here mentioned as from source 1, were from the 
same source as some of Valleau’s (6) trees. These trees had a disease some- 
what similar to prunus Aurus No. 6 in that the leaves were reduced in size 
and narroAved in proportion to length. They bore but few fruits, and the 
disease did not transmit to peach. The exact relationship of these diseases 
could be determined only by grafting them into identical varieties under 
similar conditions. 

NOMENCLATURE OP THE LINE-PATTERN DISEASE 

Mild mosaic is not entirely suitable as a name for this disease, for it could 
then be confused with mild strains of peach mosaic. Vacaville mosaic 
does not describe it, and it is generally agreed that diseases should not be 
named after towns or localities. 

The name ^ dine-pattern virosis,” although not completely descriptive, 
Avould serve to identify the disease and separate it from other knoAVUi 
maladies of plum and peach. Following the binomial system of Holmes (2) 
and Valleau’s (7) definition of the genus Marmor, the following designation 
is proposed : 

Peach Line-pattern Virosis 

Marmor Uneopiotum, New Species. Species name meaning painted in 
lines. 

Susceptible species, Fr%tnus: F. makalel, T. salicina; Amy gdalns; A. 
persica. 
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Geographical distribution, Kentucky, Michigan, California, Ohio, and 
perhaps general over the United States, 

Induced disease : In peach and Mahaleb cherry, light colored, line pat- 
terns or mottling of indefinite areas, becoming somewhat masked with age 
of leaf. Frequently, entirely masked in Pnimis salicina. 

Transmission : by graf ting. 

Serological relationships, immunological relationships, thermal inactiva- 
tion and filterability, not demonstrated. 

SUMMARY AND CONCLUSIONS 

Abundance or Red June plums whose leaves appear normal for the 
variety and that may show little or no mottling or other symptom expres- 
sions may transmit a disease to peach trees expressed as a faint mottling 
of either a line-pattern or diffused type. 

The same disease is expressed as line patterns or diffused mottled areas 
on Mahaleb cherry leaves. 

It was shown that the line-pattern disease is carried on certain Abun- 
dance and Red June plums in several Michigan orchards. 

The line pattern disease was present in certain Abundance plum nursery 
stock and, from this and similar sources of distribution, it is perhaps wide- 
spread on plum trees. 

The line-pattern disease on peach appears similar to certain symptoms 
first described by Valleau and later described by Thomas and Rawlins as the 
Vacaville disease. 

A disease of Abundance plums, with symptoms similar to an unnamed 
plum disease described by Valleau and perhaps similar to a disease on plums 
described by Thomas and Hildebrand, did not transmit noticeable symptoms 
to peach in 3 inoculations. 

Department of Botany, 

Michigan State College, 

East Lansing, Michigan. 
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DAMPING-OPF OF LONGLBAF PINE 


William 0. Davis 
(Accepted for publication February 17, 1941) 

INTRODUCTION- 

The longleaf pine {Pinna paliistris MiUer) in its seedling and early 
sapling years, assumes an unique rosette habit. The symptoms, etiology, 
and control of damping-off of this species, therefore, present a problem 
differing some-what from that for other pines, and calls for special attention. 
Where damping-off of longleaf pine occurs on sandy soil, some nurserymen 
spealt of it as “ sand-splash. ’ ’ When occurring on either sandy or non-sandy 
soil, Davis et al} referred to it as “sand-silt-drift,” but admitted the inapti- 
tude of this name. Actually, these designations have little to merit their use, 
as they refer only to the drifting of surface soil around the base of the seed- 
lings — a single damping-off factor. 

The obsei*vations and control tests herein reported were made possible 
through the cooperation of nurserymen of Soil Conservation Service Region 
2 and State forest nurserymen of North Carolina, South Carolina, and 
Georgia. 

Symptoms 

In the early stage of the attack the bases of the cotyledons, the lower 
needles, and the hypocotyl of the seedling appear water-soaked and may be 
of a purplish hue ; the uppermost needles and the outermost portion of the 
lower needles and cotyledons, together with the lower part of the root sys- 
tem, remain apparently healthy. Roots frequently decay rapidly from the 
soil line to a depth of f inch, while the remaining root system decays so 
slowly as to suggest tliat its deterioration is associated Avith organisms other 
than the initial invader. In the more advanced stage of the disease the 
needles turn yellow, droop, and eventually become brown. The rosette 
habit of young longleaf pine seedlings is such that the visible decay of 
hypocotyl and toppling over that characterize damped-off seedlings of other 
pine species are not discernible. Another difference between damping-off 
of this species and that of most conifers is that the casual fungus or fungi, 
whose point of infection frequently appears to be at or just below the coty- 
ledon whorl, spread rapidly only in the host tissues at or just beneath the 
soil surface. 

ASSOCIATED FUNGI 

Bhisoctonia sp. was the most frequently isolated fungus from diseased 
longleaf pine seedlings at 3 North Carolina and 1 Mississippi nursery in 
1937. Like results were obtained in 1938 at a North Carolina nursery, in 
1939 at a South Carolina nursery, and, again, in 1940 at both a North Caro- 

1 Davis, William 0., George T. Young, Dennis H. Latham, and Carl Hartley. Dis- 
eases of conifers in forest nurseries. (Div. For. Path.', Bur. of PI. Ind., in cooperation 
with Civ. Cons. Corps, U. S. Dept. Agr.) (Mimeographed, not numbered) 63 pp. 1938. 
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lina and a South Carolina nursery. Species of Fiisarium and Trichoderma 
were occasionally isolated from diseased nursery stock, while Botrytis sp. 
was most frequently isolated in greenhouse tests. Inoculation tests were 
not made. It is of some interest that species of Pythium were not among 
the fungi isolated despite the fact that the technique used should have 
yielded it. 

GENERAL OBSERVATIONS 

Losses resulting from damping-off of longleaf pine are known to have 
been more serious in seedbeds sown with 2-year-old, or older, seed than in 
those sown wdth the current year’s seed. For example, at one nursery con- 
tiguous seedbeds were sown on the same day with current year’s and 2-yeai’- 
old seed. Loss from damping-off of seedlings was negligible in the seedbeds 
sown with the current year’s seed, but in those sown with the 2-year-old seed 
it was so severe as to necessitate their reseeding. The following season, 
1940, contiguous seedbeds were sown wdth current year’s collection of long- 
leaf pine seed and with the remainder of the seed lot that had given good 
final stands the preceding season. Both lots of seed gave good emergence, 
but damping-o£E again was so severe in the seedbeds sown with the old seed 
that they were plowed under, while, in the seedbeds sown with new seed, it 
was not very serious. 

It has long been recognized that, for most pines, damping-off losses 
generally diminish with increase in age of the host until they are quite 
negligible by the time woody tissues have developed, usually about 4 to 6 
weeks after emergence. In contrast, losses resulting from damping-off of 
longleaf pine sometimes are as great in 4-month-old seedlings as during 
emergence. This hazard, however, is quite inconsequential where second- 
year seedlings or transplants are concerned. 

Although Hartley and Pierce,^ in 1917, recognized that conifer nurseries 
located on acid soils were less subject to damping-off than those on neutral 
or alkaline sites, yet the relationship of the soil pH to the damping-off of 
longleaf pine has not been established. The association of heavy losses in 
this species with an application of lime made shortly before seeding at a 
South Carolina nursery, located on acid soil, leads to the inference that the 
damping-off hazard for this species, as for most other conifers, may be 
greatest on neutral to alkaline soils. Experience of the last 5 years, how- 
ever, has shown that such losses may also be serious on soils with a pH value 
of 4.5, and, in a few cases, have occurred on soils with a pH value as low 
as 3.8. 

Drill sowing, generally found more favorable to damping-off of conifers 
than broadcast sowing,^’ ^ has appeared to bear the same relationship to 
damping-off of longleaf pine at 5 southeastern nurseries during the last sev- 

2 Hartley, Carl and Boy G. Pierce. The control of damping-ofe of coniferous seed- 
lings. U. S. Dept. Agr. Bull. 453. 32 pp. 1917. 

3 Tillotson, 0. B. Nursery practice on the national forests. IJ. S. Dept. Affr. Bull. 

479. 86 pp. 1917. ^ 


1941] 


Davis : Damping-off of Longleaf Pine 


1013 


eral years. Another factor linked to conifer damping-off, recognized by 
Hartle}^^ and others for some years at northern nurseries, was a generally 
smaller amount of damping-off in fall-sown than in spring-sown seedbeds. 
The writer's observations at several southern nurseries indicate that the 
same is true for longleaf pine. 

General observations also indicate that the use of sawdust as a seed cover 
may reduce the severity of losses resulting from damping-off, but it is 
believed that at some places either fresh or non-hardwood sawdust may 
prove unsatisfactory as a control method. At a nursery where longleaf pine 
seed was drill-sown and covered with soil, an estimated 40 per cent of the 
emerged seedlings damped-off in 1937. The following year at this nursery 
the seeding was done in shallow, uncovered drills wherein the seed was 
subsequently covered with pine sawdust 2 or more years old; the damp- 
ing-off' losses that year were estimated at not more than 3 per cent of the 
seedlings. At another nursery broadcasting of the longleaf pine seed, firm- 
ing it in the soil, and then covering with old sawdust in the seasons of 1935, 
1936, and 1937 were associated with negligible damping-off losses, while 
serious losses occurred during 1938 and 1939 when the seed was broadcast, 
firmed in the soil, and covered with soil. The difference in losses in these 
nurseries cannot be definitely attributed to the methods of covering the 
seed as all sowing within any one season follow’ed either one or the other 
practice. More positive evidence that seed-cover practices are related to 
incidence of damping-off w^as obtained at yet another nursery. In 1937, at 
this nursery, broadcast-sown longleaf -pine seed, covered with soil, suffered 
an estimated 30 per cent damping-off loss, while the estimated loss in the 
seedbeds where the seed was covered with sawdust w^as only 10 to 15 per cent 
of emerged seedlings. The following year similar seeding practices yielded 
like results, Longleaf pine seedlings arising from seed covered with | to 
I inch of sawdust have been observed to suffer greater losses from damping- 
off than when a cover of only | inch of sawdust was used. 

Cultivation, weeding, and sheet erosion also appear to be important pre- 
disposing factors to damping-off of longleaf pine. Seedlings of this species, 
in drill rows at 2 nurseries, have been observed more severely attacked in 
seedbeds where the mechanical cultivator was so adjusted as to ridge the 
soil at the base of the seedlings than in those where the cultivator was so 
manipulated as to avoid heaping the soil around the seedlings. During the 
past 5 years at 1 nursery, and for the past 3 years at 2 others, loosening of 
the surface soil in young seedling stands by pulling weeds, particularly 
those with extensive root systems, was followed by an increase in damp- 
ing-off losses. At yet another nursery watering practices that reduced the 
splashing of sand onto the seedlings was associated with lighter losses. The 
partial burying of the seedlings is most frequently encountered in the lower 
parts of the seedbeds and is most prevalent on sandy soils. This soil drown- 
ing of the crowns undoubtedly reduces the natural aeration, and it seems 
4 Hartley, Carl. Damping-off in forest nurseries. XT. S. Dept. Agr. Bull. 934. 99 
pp. 1921. 
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probable that it increases the temperature, of the covered tissues, especially 
in dark soils. This increased temperature might result in heat lesions or in 
the temporaiy lowering* of resistance. However, it is probably more impor- 
tant in f avoring the disease through bringing soil-borne fungi in immediate 
contact with the more succulent tissues of the seedling. Kegardless of the 
way the injury is brought about, it appears fairly certain that the covering 
of the needle bases or partial burying of the seedlings with soil may be gen- 
erally anticipated to increase the damping-off hazard of this species. There 
have been similar observations for native spruce seedlings, which have but 
short needle-free stems. 

CONTROL TESTS*" 

At many nurseries ordinary coniferous daniping-off may be satisfactorily 
controlled by the use of soil-acidifying treatments applied on the surface im- 
mediately following seeding or by disinfecting the soil with such chemicals as 
formaldehyde or acetic acid some days prior to seeding. However, such 
treatments, particularly when the disease is active after the seedlings are 6 
weeks old or older, have been somewhat unsatisfactory for reducing losses 
resulting from damping-off of longleaf pine. A search was initiated in 1937 
for an adequate control of damping-off of longleaf pine. A preliminary 
greenhouse pot test, involving 5 replications, each consisting of 1 nontreated 
pot and 5 with different amounts of ferrous sulphate solutions applied on 
the surface of the soil immediately after seeding, was made on a sandy- 
clay loam that had an initial pH value of 6.6. Data from this test showed 
that the heavier rates of treatment with ferrous sulphate were directly 
correlated with increased acidity of the top -J inch of soil; 28 days after 
treatment the heaviest rate (2 oz. per sq. ft. of surface area) gave soil pH 
values of 3. 8-4.0. There was no indication of delayed or reduced emergence 
or of injury to the germinating seed or seedlings by any of the various rates 
of treatment. Damping-off losses at the end of the first 6 weeks were 28 per 
cent for pots receiving the heaviest rate of ferrous sulphate and 73 per cent 
for nontreated pots. However, by the time the seedlings were 6|- months old 
the early advantage was largely nullified by severe late losses, 92 per cent 
of the emerged seedlings in nontreated pots and 86 per cent of those in pots 
treated at the heaviest rate having damped off. Slight to no advantage, 
however, was found for the lighter rates of treatment. 

Nursery results, associated with applications of water solutions of fer- 
rous sulphate to the surface of the seedbeds immediately following seeding, 
have been variable. In a nursery with initial soil pH values varying slightly 
aiound 5.0, applications of -I and 1 avoirdupois ounce of ferrous sulphate 
to a pint of water per square foot of soil surface, each rate replicated 5 
times, failed to reduce damping-off losses that in nontreated areas killed, 
that year, more than 50 per cent of the longleaf pine seedlings. In another 
nursery whose initial soil pH value centered aroxjmd 5.6, plots were treated 
with 3 rates of ferrous sulphate, each rate replicated 3 times in drill-sown 

discussed in this article, but who are not 
and s morvisl^^ poisonous chemicals, should be careful to secure skilled advice 

ancL supervision before using treatments hereinafter outlined 
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seedbeds and once in a broadcast-sown seedbed in wMcb the seed was cov- 
ered with old sawdust prior to making the treatment. A gradual decrease 
in damping-off losses was associated with increased rates of application. 
An 8 per cent loss occurred on nontreated plots, while seedlings in plots 
treated at the rate of f ounce per square foot suffered no loss. In general, 
the loss on the broadcast-sown seedbed, where the seed was covered with 
sawdust, was somewhat less than on the drill-sown ones. 

The damping-off control efficiency of commercial ortho-phosphoric acid 
in several dilution rates, each replicated 3 times, also was tested at the last- 
mentioned nursery. Longleaf pine seedlings in areas treated with i fluid 
oz. per sq. ft. of seedbed area suffered but 2 per cent damping-off loss as 
contrasted with 8 per cent in nontreated areas. A comparison of damping- 
off data on the various ferrous sulphate-treated areas with those for plots 
receiving an amount of ortho-phosphoric acid calculated to give an equiva- 
lent hydrogen-ion activity in the upper inch of soil, shows the former 
chemical somewhat more effective than the latter in reducing losses. A 
treatment combining the ferrous sulphate (f avoir, oz. per sq. ft.) and ortho- 
phosphoric acid (I fluid oz. per sq. ft.) also was associated with a damping- 
off loss of only 2 per cent. If subsequent experience substantiates this pre- 
liminary indication of effectiveness of the combination treatment, its use, as 
compared with that of either chemical alone, will merit consideration, as it 
would be less apt to contribute to mineral deficiencies in the soil. 

Seven replications of plots treated with | fluid oz. of commercial formal- 
dehyde to pt. of water per sq. ft. were established on 3 soil types at one 
nursery. Seven of the total number of plots were treated 3 days prior to 
seeding and like numbers 4 and 5 days before seeding. Damping-off losses 
in treated plots were as great as and in most plots greater than in non- 
treated ones. As these losses for the most part occurred after the seedlings 
were 4 weeks old it is possible that such treatments would prove advan- 
tageous in checking mortality in younger stock. There was no consistent 
evidence that the time interval elapsing between treatment and seeding 
date might be related to the incidence of disease; nor was there any indica- 
tion that the treatment influenced either the rate of emergence or total 
number of emerged seedlings. 

In one nursery, plots of 2-month-old longleaf pine seedlings were sprayed 
with 2-3-50 and ^MU-50 Bordeaux and 1 lb. of Guprocide (96.5 per cent 
cuprous oxide) to 100 gal. of water; a second application of the respective 
sprays was made 20 days later. Data from 4 replications of each of these 
treatments failed to give any significant indication of a reduction of late 
losses from damping-off by these sprays. However, similar tests in this 
nursery, with Semesan applied with a sprinkling can at the rate of 
1/10 avoir, oz. to | pt. of w^ater per sq. ft. of seedbed area, were associated 
with damping-off losses of not more than 10 per cent, whereas the losses in 
nontreated areas w^ere 50 per cent or more. The following year similar 
use of Semesan in this and another nursery was associated with marked 
reduction in damping-off losses. In using this treatment it was found nee- 
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essary to make the applications either late in the afternoon or on cloudy 
days in order to avoid ‘‘burning” of the seedlings. 

Intensive tests of various seeding and cultivation practices in relation 
to damping-off losses also were made in 2 nurseries. The use of a i-in.-deep 
pine-needle mulch in 7 replications of plots was associated with some reduc- 
tion in losses. Most promising results, however, were obtained by placing 
the seed in uncovered shallow rows and subsequently covering them to a 
depth of i in. with old sawdust. Fourteen sample strips taken at 10~paee 
intervals on tw-o 416-ft. rows, and 8 two-row plots each 8 ft. long sown in this 
way, suffered 25 per cent less loss than occurred in nearby seedbeds in which 
the seed was drill-sown and covered with soil. These data are in agreement 
with the previously mentioned general observation that the use of old saw- 
dust as a seed cover appeared to be associated with lower damping-off loss. 
Working the soil away from the base of longleaf-pine seedlings at frequent 
intervals in 4 plots in a nursery located on sandy soil was associated with 
near absence of the disease, which was responsible for losses of 50 per cent 
and more of the emerged seedlings in adjacent areas. It is believed that 
careful selection of seed, proper seeding, and correct cultural practices may 
afford a more practical control than treatment of the soil with chemicals. 

SUMMARY 

The persistent rosette habit of longleaf pine seedlings leads to unusual 
damping-off symptoms. Bhizoctonia sp. has been most frequently isolated 
from diseased seedlings, but inoculation tests have not been made. Species 
of Fythium have not been isolated. 

The control problem is distinct in that the period of susceptibility is 
considerably lengthened by the rosette habit. Tests indicate that a pre- 
sowing treatment of the soil with formaldehyde probably will not materially 
reduce late losses nor will spraying the seedlings with Bordeaux or Cupro- 
eide. The use of ferrous sulphate and ortho-phosphoric acid, separately or 
in combination at time of seeding, reduced losses in some nurseries. Most 
consistent chemical control of the disease was obtained by sprinkling the 
seedlings with Semesan. This treatment should be made in late afternoon or 
on cool or cloudy days in order to avoid “burning.” In most nurseries it 
seems likely that use of highly viable seed, combined with sowing in shallow 
rows, wherein the seed is covered to a depth of about i in. with sawdust 
(preferably old), or broadcast-sowing the seed and firming it in the soil 
and subsequently covering it with sawdust, will afford the most practical 
methods of control. Further it appears that added protection from the 
longleaf-pine damping-off hazard would be obtained by the adoption of 
weeding and cultivation practices that tend to keep the soil away from the 
bases of the seedlings. 

Civilian Conservation Corps IN Cooperation with 
Division OP Forest Pathology, 

Bureaxt OP Plant Industry, 

United States Department op Agriculture. 



INJURY TO TOMATOES BY LIGHTNING 

Otis C . W h i p p l e i 
(Accepted for publication I’ebruary 14, 1941) 

INTRODUCTION 

Lightning injury to field-grown tomatoes (Lycopersicon escidenUim 
Mill.) occurs frequently during electrical storms in southeastern Wisconsin 
and northern Illinois. Within the past 6 years, injury in 8 fields has been 
observed by the writer, and specimens from 4 others have been diagnosed. 
Although the number of fields involved and the extent of damage in each are 
small, the subject is of interest, since the nature of the injury is unique and 
often difficult to diagnose. Certain symptoms of lightning effects on tomato 
have been described previously.^’^.^.s others are recorded here because of 
their diagnostic value. On one occasion the injury was observed a few 
hours after the lightning had struck. This afforded an opportunity to study 
the primary symptoms before the effects of secondary factors had become 
evident and to follow subsequent developments. Observations have been 
made on plants at different stages of growth from 6 weeks after transplant- 
ing to the time when mature fruit are present. 

Circumstantial evidence that the injury herein described was attributable 
to lightning was obtained in two instances. On August 22, 1936, an electri- 
cal storm accompanied by rain arose quickly while the writer was inspecting 
a field of tomatoes. As he started to drive away, a flash of lightning was 
observed simultaneously with the sound of thunder in that part of the field 
he had just left. When the field was visited 4 days later, an area of injured 
plants was found in the same location. Many of the leaves on the badly 
injured plants were still green, indicating that the destructive agent wms 
not only recent but rapid in its action. The other incident took place on the 
night of July 25, 1938, when a severe storm accompanied by much lightning 
passed over the Chicago area. When the writer visited the Cook County 
Experiment Station at Des Plaines, near Chicago, the following day, he was 
shown an area of prostrate tomato plants in an experimental plot. The 
superintendent, who had observed the injury an hour earlier, stated that it 
had developed during the preceding 24 hours, and this fact was substantiated 
further b,v the appearance of the affected plants. 

DEVELOPMENT OP SYMPTOMS 

When a strong electrical potential is discharged at a given place in a 
tomato field, the plants in the immediate vicinity are killed or injured in a 

1 Deceased, Pebruary 13, 1941. 

2 Jones, L. E., and W. W. Gilbert. Lightning injury to herbaceous plants. Phyto- 
path. 8 : 270-282. 1918. 

sBankin, W. H. Lightning injury of field-grown tomatoes. Canada Exp. Farms 
Interim Ept. Dominion Bot. 1920-21 : 92-93. 1921. 

4 Brown, H. D., and M. W. Gardner. Lightning injury to tomatoes. Phytopatli. IS: 
147. 1923. 

5 Hawkins, Stacy. Some effects of lightning on tomato plants. Proc. Indiana Acad. 
Sci. 42 (1932) : 57-59. 1933. 
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circular to elliptical area. Sucli areas have been found to vary in size from 
30 ft. in diameter to 50 x 60 ft. in elliptical areas. The shape of the last type 
of spot has no relation to the direction of the tomato rows. When lightning 
strikes a field of young plants, a larger percentage is killed than in fields of 
mature plants. In one ease 57 young plants were killed, whereas 6" was the 
highest number found dead in any field of mature plants. The larger sur- 
face of mature plants and the numerous points of contact between plant and 
soil may explain this difference. Injury has been found to occur in fields of 
several soil types and no relation to soil contour seems to exist. Occasion- 
ally, the electric discharge causes an eruption in the soil near the center of 
the damaged area, as previously described by Hawkins.*^ In one ease a small 
jagged hole about l-J in. in diameter and 4 to 6 in. deep was found about the 
base of a young tomato plant, leaving it wuth no anchorage. 

The general effect of lightning is an immediate collapse of the parts 
affected, causing severely injured j)lants to lie prostrate on the ground as if 
trampled by an animal. Plants near the center of the area involved are 
usually killed and the severity of injury decreases in nearly direct proportion 
to the distance from that point. On plants a short distance from the center, 
the top branches are most frequently affected, and these either droop or lie 
prostrate on unaffected paiffs. At the periphery of the ‘lightning spot,’’ 
injury may be confined to a single leaf or growing tip, which usually is on 
the side adjacent to the damaged area. Some young plants have been found 
with injury confined to parts near the ground instead of those near the top. 

The collapsed stem or petiole appears flattened and ribbed® as if sub- 
jected to extreme external pressure (Pig. 1, C). The extent of collapse 
varies with the severity of the injuiy and may be confined to a few inches, 
usually near the tip, or it may extend the full length of the stem. When the 
stem or petiole becomes flattened, it loses its rigidity and, consequently, 
droops or lies prostrate. 

Several types of symptoms result from injury to the cortex. Among 
these is a streaking of the stem, which may extend through one or more inter- 
nodes. Irregular areas that vary from a superficial bronzing of the epider- 
mal cells to slightly sunken necrotic areas appear alone or with the streaking 
of the stem. Still another type of injury to the epidermis and cortex 
appears in the form of bleached areas suggesting that the tissue had been 
heated to a sufficient temperature to cook it. These areas vary in size and 
position, but are especially abundant on the stem*^ of young plants below the 
soil surface. In many cases the entire cortex of the subterranean stem and 
roots showed this type of injury, and when these plants were pulled only 
the central cylinder of the stem and roots were removed, leaving the cortical 
tissue in the ground (Pig. 1, A). The cortical tissue is usually soft, of mealy 
texture, and becomes slimy and infested with microorganisms within a few 
days. Some variations occur in that the tissue may be dry, shrivelled, and 

6 See footnote 5. 

7 When tomato plants are transplanted, the tap root ceases development and the new 
root system consists primarily of lateral roots, which arise from the stem below the surface 
of the soil. The fields observed were set with transplants. 
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even charred. It is probable that all cells are killed in those portions of 
the stem subjected to high temperatures, but, as stated by Hawkins,® the 
vascular bundles show little injury and, in some cases, may continue to func- 
tion for some time, as shown by the turgidity of the foliage above the injury. 


_ Pig. 2. A portion of a 6-week-old tomato ti 
The hole in the axil of the collapsed petiole at a 
of the electrical current was violent enough to c 
The growing tip at h was killed. 

Longitudinal fissures and small holes 
by the electrical discharge. The lateral 
length of an internode. The depth of the 

® See footnote 5. 
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to the cortex, but they usually extend to the pith. Small holes, which also 
extend to the pith, are often formed in the axils of the leaves. A typical 
lesion of this type is shown in figure 2, In this ease an electrical charge 
apparently passed through a leaf midway up the plant with such force as to 
kill the former, create the hole in the axil, and cause a collapse of the stem 
at that point. The axillary bud was completely destroyed. 

The passage of the charge through the pith invariably results in its col- 
lapse and in the formation of a hollow region surrounded by desiccated 
tissue. The destruction may be confined to small areas or ^‘pith pockets’’ 


Fig. 3. Mature green fruits injured by lightning. A and B. Irregular burnt or 
desiccated lesions on portions of fruit nearest the soil ; numerous pin-point lesions also are 
shown in B. 0. A large surface blister on the upper right lobe of a fruit, which developed 
as a result of high temperature. B. The same fruit as in C, cut longitudinally through the 
blister to show the partially cooked, shrivelled condition of the interior. 

(Fig. 1, D), or it may extend to form a ‘‘hollow stem” (Fig. 1, B), as 
described by Brown and Gardner.® The destruction of the pith always 
accompanies the collapse of the stem and usually extends for some distance 
beyond. In severely injured young plants it is often found in the sub- 
terranean stem. 

The collapse of the petiole is the most cGnspicuous injury to the leaf, but 
the leaflets may also show irregular, scalded or burnt areas, and in some 
9 See footnote 4. 
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cases the entire leaf is completely desiccated or charred. Affected leaves 
disintegrate rapidly in humid atmosphere. 

Fruits on affected plants also show injuries that vary from irregular 
burnt areas to complete scalding and blistering of the surface. Injury is 
most common in fruit on or near the ground, indicating a transfer of the 
charge between the fruit and the soil. In figure 3 typical injury to 3 mature 
green fruits is shown. Fruits in figure 3, A and B, show the irregular, burnt 
or desiccated areas nearest the soil. Numerous pin-point necrotic areas may 
be seen near the blossom end of the fruit in A, which was in contact with 
the soil. Both are slightly shrivelled, indicating that they were subjected to 
a lethal temperature. In figure 3, C, a mature green fruit with a large 
blister is shown. The same fruit, cut through the blister and shown in figure 
3, B, exhibits the partly cooked condition. Completely cooked fruits were 
commonly noted. In fruits some distance above the ground, injury con- 
sisted of small, irregular, sunken burnt areas, always within a few centi- 
meters of a large stem, indicating that the charge had jumped the short 
distance between fruit and stem. In one area the force of the discharge 
was so violent that a number of the green fruits dropped because of breaks 
at the pedicel or loosening of the torus. 

The growth response of survivors in one field of young plants and in 2 
fields of mature plants was observed. Numerous branches from the axillary 
buds below the injured part of the stem developed, giving the plant a bushy 
appearance. Growth was retarded and the few fruits set did not ripen. No 
new growth developed on the injured portion of the stem and the terminal 
bud was usually killed. In addition to the numerous suckers below the 
injured section of the stem, Hawkins^® also reported the development of short 
branches above the injury, giving the plant the appearance of an inverted 
feather duster. 

SUMMARY 

Lightning injury unlike most diseases, parasitic or nonparasitie, results 
in immediate death or collapse of the parts of the plant affected ; secondary 
changes follow rapidly. Since fields are not often visited for several days 
following an electrical storm, plants that are killed may be of little diagnostic 
value, except that they show a prostrate condition. Plants mildly affected 
usually show certain characteristic symptoms. Among the most conspicuous 
signs are: (1) collapse of the stem and drooping of the tops; (2) various 
degrees of hollowing of the stem pith; (3) collapse and desiccation of indi- 
vidual leaves of plants near the periphery of the ''lightning spot’’; (4) 
small longitudinal or circular stem lesions; (5) irregular burnt areas on 
stems, leaves, and fruits ; (6) blistering of the surface of the fruit and various 
degrees of cooking of the underlying tissue. 

Department op Plant Pathology, 

University OP WisooNsiN, 

Madison, Wisconsin. 

See footnote 5. 




EFFECT OF FERTILIZER MATERIALS AND SOIL AMENDMENTS 
ON DEVELPOMENT OF APOTHECIA OF 
SCLEROTINIA FRUCTICOLA 

Kael Baxje and Glenn- A. H-ctbeei 
(Accepted for publication February 11, 1941) 

Plant pathologists are showing an increased interest in the control of 
plant diseases by reduction of the ^‘survival leveP^ of the pathogen. Efforts 
have been made to accomplish this by cultural practices, the use of eradieant 
fungicides, and other means. The potentialities of this approach to disease 
control, together with a review of pertinent literature, is presented in a 
recent publication by Keitt and Palmiter (7). The problem is admirably 
stated by them in their discussion of apple scab : ''The current method of 
scab control by protecting fungicides is, therefore, based chiefly on the phi- 
losophy of defense. The pathogen is permitted to maintain a high survival 
level, and under the conditions of moderate or severe occurrence of disease 
there is usually little or no cumulative control.^’ 

In the control of brown rot (Sclerotinia fructicola (Wint.) Eehm) of 
prunes in western Washington main reliance has been placed on the use of 
protective fungicides. Even with the most effective of these practices, 
brown rot has caused losses of 8 to 10 per cent, in contrast to much higher 
losses when no control measures were attempted. Under current control 
practices no effort is made to reduce the survival level of the pathogen by 
the destruction of the apothecia, which have been found to be the principal 
source of primary inoculum in the spring (6). The prevention of the 
development of apothecia or their destruction prior to ascospore discharge 
should materially reduce the spore load in the orchards in the spring and 
thus lessen the infection of blossom parts, shedders, and ripening fruit. 
Cultural practices, often recommended for the destruction of apothecia, 
have been found impractical for western Washington conditions (4). 

A preliminary report on the use of calcium cyanamid for the destruction 
of apothecia has been published (4). This paper presents further informa- 
tion on the use of calcium cyanamid, as well as other fertilizer materials and 
soil amendments in the control of apothecia, and includes a discussion on 
methods of application. 

EXPERIMENTS WITH FERTILIZER MATERIALS AND SOIL AMENDMENTS 

The principal requirements of a suitable material to destroy apothecia 
are : (1) the retention of its toxicity sufSciently long to destroy all apothecia 
that emerge (under western Washington conditions apothecia emerge over a 
period of from 2 to 3 weeks) ; (2) it should not alter the soil reaction mate- 
rially or have a cumulative effect, so that continuous application might prove 

1 Tlie writers are indebted to Brs. L. C. Wheeting and F. D. Heald for helpful sugges- 
tions in the preparation of the manuscript. 
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injurious; (3) it should lend itself to rapid application, since it is necessary 
to cover a large area in a short period at the time of first emergence of 
apothecia; and (4) the use of the chemical should be practical on the basis 
of cost. 

The efficiency of fertilizer materials when applied in both dry form and 
aqueous solutions were tested as a means of control of apothecia. Each 
aqueous solution^ was applied to triplicate plots either with a hand sprayer 
or with a sprinkling can. Ammonium sulphate, sodium nitrate and urea 
were applied at rates that would supply approximately 69 lb. of actual 
nitrogen per acre. The results of these applications on development of 
apothecia are presented in table 1. No further work was carried on with 


TABLE 1 . — Results of applications of aqueous solutions of fertiliser materials ap- 
plied March 29 ^ l$40j on development of apothecia 


Materials 

Pounds per acre 

Apothecial counts, 

36 sq. ft. (April 1) 

C0(NH2). 

150 

35 

25 

28 

33 

NalSrOs 

432 

(NH4)oS04 

324 

Check 


aqueous solutions of fertilizer salts, for, although definitely toxic to apothecia 
that had already emerged, they did not prevent later emergence. Further- 
more, experience in Clark County has shown that it was impractical and, in 
some cases, impossible to handle portable spray equipment in orchards in the 
spring because the soils were not firm enough to support the weight of the 
machinery. 

Several fertilizer materials and soil amendments were applied in dry 
form to determine their effectiveness in apothecial control. Known quan- 
tities of the materials were placed into the hopper of a small power duster 
and the flow so regulated that the experimental areas could be covered at 
least three times to insure good distribution. All applications were made in 
triplicate when the first apothecia appeared in the orchard. 

Although slight reduction in population of apothecia was obtained from 
the application of certain materials, the data in table 2 show that, with the 
exception of calcium cyanamid, no complete control of apothecia was 
obtained. 

It was found that granular or crystalline materials were of little value in 
apothecial control, as it was impossible to cover the entire surface of the soil 
completely, especially when small quantities of materials were used. 

Although Ezekiel (3) showed that little or no apothecial development 
occurred in sand cultures at a pH value approaching neutrality or slight 
alkalinity, it does not appear feasible to add calcium to the soils in the prune 
areas of Western Washington in sufScient quantities to Tnaiutflin the pH 
value at a level necessary to prevent the development of apothecia. Since 

2 One lb. of materialto 5 gal. of water. 
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TABLE 2. — Besults of application of dry fertilizer materials and soil amendments 
made April 5j 1939, on development of apotheeia 


Materials 

Rate per acre 

Average number 
apotheeia per 64 
sq. ft. (Apr. 13, 
1940) 

Cheek 

Ih. 

12 

OaCN.a 

200 

0 

OaONo 

300 

! 0 . 

CaCNa 

400 


Ca(OH)2 

500 

! 4 

Oa(OH), 

1000 

i 8 

CaCOs 

675 

1 ■ 23 

CaCOs 

1350 

10 

(NH.),S04 

300 

2 , 

(NH4),S04 

500 

6 


a Commercial pulverized and oiled (5 per cent). 


the calcium materials were not applied until after the first apotheeia ap- 
peared and were not incorporated with the soil, it does not appear likely 
that any appreciable change in the pH value of the soil occurred. 

Almost complete destruction of apotheeia is necessary to reduce the spore 
load to a level sufficiently low to be effective in brown-rot control. Of the 
materials used, only calcium cyanamid has fulfilled these requirements, 
hence it was the only material tested in later studies. 

EXPERIMENTS WITH CALCIUM CYANAMID 

As reported in previous papers (1, 4), pulverized and oiled (5 per cent) 
calcium cyanamid appeared to offer the best possibilities for the destruction 
of apotheeia because of its prolonged period of toxicity. Data presented in 
table 3 give further proof of the effectiveness of this material. 


TABLE 3. — Apothecial counts on treated and 7wntreated plots in orchards in Glarh 
County, Washington, Duplicate areas of 36 sq. ft. were examined, April 13, 1939 


Orchard 

Treatment 

Pounds 
per acre 

Bate 

applied 

Average num- 
ber of 
apotheciaa 

Firestone (Fruit Valley) 

Calcium cyanamid 

300 

March 20 

0 


Calcium cyanamid 

300 

1 March 27 

0 


No treatment 


1 

17 

Moody (Felida) 

Calcium cyanamid 

300 

1 March 20 

0 


Calcium cyanamid 

300 

i March 27 

0 


No treatment 


i 

21 


a Average 1.95 apotheeia per mummy. 


Since calcium cyanamid has proved effective in reducing the number of 
■piune ihrips, Taeniothrips inconsequens, ^hieh emerge from the soil (2, 5), 
an effort was made in the spring of 1940 to so time the treatment as to reduce 
the emergence of thrips, as well as to prevent apothecial development. In 
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1940 thrips began to emerge in large eiioiigh numbers on March 12 and 13 
to justify treatment, one week prior to emergence of the first apotheeia, 
Marck 20. 

On March 13, the surface of the soil and Yegetative cover of two orchards 
in the Fruit Valley district, designated as orchards 1 and 2, respectively, 
were dusted with calcium cyanamid at the rate of 277 lb, per acre. Dupli- 
cate blocks containing 4 trees each and covering in each orchard an area of 
1600 sq. ft. were left as nontreated checks. On March 14, another orchard 
in the Pehda district, designated as orchard 3, was dusted with the same 
material, at the same rate per acre. A power machine, described below, was 
used to make the applications. 


Pig. 1. A. Nontreated portion of orchard showing vegetative cover. B. Portion of 
orchard 7 days after treatment with calcium cyanamid at rate of 277 pounds per acre. 

As a result of the treatments the vegetative cover (Pig. 1) in these 
orchards was burned to the ground. Frequent examinations of the treated 
and nontreated areas were made. The first apotheeia were observed on the 
nontreated areas March 20. On March 27 triplicate areas of 36 sq. ft. in 
each plot were examined, the results of which are presented in table 4. 
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TABLE 4.' — Effect of calcium cyanamid on development of apothecia in Clark 
County f Washington, 1940* Triplicate areas of S6 sg. ft* were examined in each orchard, 
March 27 


Treatment 


Average number aTotheciaa 


Orcnards 



Date 

No. 1 (Fruit Valiev) 

Mar. 13 

No. 2 (Fruit Valley) 

Mar. 13 

No. 3 (Felida) 

Mar. 14 

No. 4 (Fruit Valley) 

Mar. 16 


Pounds 
per acre 


Treated areas 


Nontreated 

areas 


a Average 2.32 apotliecia per mummy. 

Apothecia were abundant on nontreated areas, while no apothecia were 
found on those treated with ealeinm cyanamid. On April 4, near the end 
of the period of development, an occasional apotheciuni was observed in the 
treated orchards. Upon careful examination of an area of 8000 sq, ft., 10 
apothecia were found. Under conditions of heavy rainfall (Pig. 2) follow- 
ing the treatments, calcium cyanamid apparently lost some of its toxicity 
before the period of apothecial development was over. In orchards treated 
March 19 primarily for the control of apothecia, no apothecia emerged. In 
1939, when only traces of rain fell (Pig. 2) after treatments, applications of 
calcium cyanamid, made March 20, were as effective as those made March 27, 
just before emergence of apothecia. The effect of moisture and temperature 
(Fig. 2) on decomposition of calcium cyanamid has been discussed in an 
earlier paper (4) . 




Fig. 2. Maximum and minimum air temperatures and rainfall at Vancouver, Wasli-* 
ington, 1939 and 1940. 
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Under the high rainfall conditions of 1940 a single application of calcium 
eyanamid was not toxic for a sufficiently long period of time to prevent the 
emergence of early developing thrips and the later developing apothecia. 
Under similar conditions in the future it may be desirable to split the appli- 
cation, applying half of the material for thrips control and the other half 
later, to prevent the emergence of apothecia. Lighter applications of cal- 
cium eyanamid when applied March 16 for the control of thrips (2) effec- 
tively prevented their emergence and prevented the development of apo- 
thecia as effectively as heavier applications (Table 4). 

The only apparent effect on the trees from the applications of calcium 
eyanamid made for the control of brown rot was a general improvement in 
appearance of foliage similar to that obtained from applications of other 
nitrogenous fertilizers. The leaves on trees in treated areas were darker 
green and larger, and they remained on the trees later in the fall than those 
on trees in nontreated areas. All the plots included in this study were 
located on Felida silt loam, the characteristics of which have been de- 
scribed (4). 

METHODS OF APPLICATION OP CALCIUM CYAN AMID 

Since calcium eyanamid when applied to the soil has a limited period of 
toxicity, it is necessary to delay application until thrips or apothecia appear. 
This delay makes it necessary to apply the materials to large areas in a short 
period of time. A study of dusters was made, as machines of sufficient 
volume or capacity to cover areas as rapidly as necessary were not available. 
After trying several commercial machines, a home-made duster was secured 
and adapted (Fig. 3). This machine was a narrowed-down automobile, 
with the motor driving both the machine and the duster. The hopper held 
300 lb. of calcium eyanamid- The material dropped directly from the hop- 
per into a 16-in. fan with 4-in. blades revolving horizontally. The dust was 
blown into a 12-ft. tapered boom^ with f-in. holes at 1.5-in. intervals along 
its lower side. The outer 18-in. section of the boom was elevated at an angle 
of 45° to provide sufficient overlap in the tree rows for dusting the entire 
soil surface without cross treatment. In order to prevent the eyanamid 
from blowing into the trees, a hood 3 ft. wide was constructed and placed 
over the tapered boom. This consisted simply of a framework of iron pipe 
and bamboo rods covered by heavy burlap that trailed 5 ft. behind the 
machine. The heavy bamboo rods were used on the outer 4 ft. of the hood 
to prevent breakage or bending of pipe when an obstacle, such as a tree, 
was encountered. The boom was made flexible by using a single short joint 
of rubber hose 4 ft. from the outer end. This hose was perforated with holes 
to allow complete coverage of the ground with the calcium eyanamid. A 
better distribution was obtained with the tapered boom than with the ordi- 
nary ^ Vegetable outlets. Since the specific gravity of the material is 
much greater than the ordinary dusts applied in disease or insect Control, 

« The boom was 3 inches in diameter at the inlet end and 2 inches in diameter at the 
outer end. 
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Fig. 3. Duster used iu applying calcium cyaiiamid. A. Hood lowered. B. Hood raised- 


SUMMABY 


The effects of surface applications of hydrated and carbonated lime and 
of fertilizer salts to the soil under trees, in both dry form and aqueous solu- 
tions, on the development of apotheeia are here reported. Aqueous solutions 
of 3 fertilizer salts proved ineffective ; of the dry materials used, only calcium 
cyanamid prevented the development of apotheeia. 

Calcium cyanamid remained toxic longer when the soils remained rela- 
tively dry after application than when the material was exposed to heavy 


it did not spread or ^‘fan^’ as well through the ‘‘vegetable outlets/’ thus 
making the application uneven. This machine covered one-half the width 
between tree rows and its capacity was approximately 3 acres per hour. No 
injury attributable to calcium cyanamid was found on apricot, peach, or 
prune blossoms or buds in orchards dusted with the machine described above. 
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rainfall By delaying applications until just prior to apothecial emergence 
tie material remained toxic siifSciently long to prevent development of 
apotleeia. 

No toxic effects were observed on trees in plots treated with calcium 
cyanamid. 

The duster described in this paper was especially designed for the appli- 
^ cation of calcium cyanamid. 

Departments op Soils and Plant Pathology, 

Western Washington Experiment Station^ 

Puyallup^ Washington. 
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A LEAF SPOT OP PEAS (PISUM SP.) CAUSED BY CEECOSPORA 

LATHYRINA^ 

J.L.Weimer 
(Accepted for publication Marcli 1, 1940) 

INTRODUCTION 

Early in September, 1938, and each summer since a leaf spot has ap- 
peared on Austrian Winter and other field and hybrid peas {Pisum arvense 
L. and P. arvense xP. sativum L.) growing under a cheese cloth shelter at 
Experiment, Georgia. This disease has never been seen in the field and is 
not known to be of any economic importance. The fact that it is potentially 
capable of doing considerable damage to the pea plant and that no record of 
the occurrence of such a disease in continental United States has been found, 
makes it seem worthwhile recording briefly the results of the observations 
and studies made. 

SYMPTOMS 

The lesions caused by this fungus vary greatly in number, presumably 
depending on conditions of air temperature and humidity, and are scattered 
irregularly over the surface of the leaflets (Pig. 1, A) . As many as 90 spots 
have been counted on a leaflet measuring 50 by 30 mm. and 15 lesions have 
been seen on 1 sq. cm. of leaf surface. The lesions are separate, or rare y 
confluent, and the dead tissue is not excised. Affected leaves are not killed 
unless the number of spots is large. The lesions are circular to angular in 
outline and involve the smaller veins but are restricted by the larger ones. 
Lesions usually vary from 1 to 5 mm. in diameter, but are sometimes as 
much as 10 mm. in maximum diameter. They have approximately the same 
appearance on both sides of the leaflets (Pig. 1, B). The smaller spots are 
more or less uniform in color, varying from cinnamon-brown" to mars-brown 
to warm-sepia. More commonly, however, the color fades so that the center 
of the lesion is gray to nearly white. The margin remains a shade of browm 
and may be slightly raised. This brown margm is sharply delimited tiom 
the adjacent green tissue, although there is some yellowing when the larger 
veins have been killed or the spots are numerous. There may be a second 
concentric ring near the center of certain lesions immediately surrounding 

the gray area (Pig. 1, A). i i -i „i 

The pathogen may attack the young stems, petioles, and tendrils a - 

though on the latter the lesions are not numerous. These differ little from 
those on the leaves, except that their longest diameter is P^ralle to the axis 
of the part attacked. Tendrils may be girdled and killed, but no serious 

damage resulting from stem infection has been observed. 

C«ndards and color nomenclature. 43 pp., 53 color plates. 

(WasMiigton). 1912. 
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ETIOLOGY 

An examination of the lesions showed the presence of a Cercospora. Iso- 
lations were made, and inoculations demonstrated that this fungus was 
responsible for the disease. The organism grows well on ordinary agars, 
but fruits little if at all on any media tried. 

Infected pea leaves, held out of doors over winter, were placed in a moist 
chamber for 2 days at laboratory temperature early in March, and a new 
crop of spores typical of the Cercospora were produced in the center of the 


by arvensexP. sativum) cause. 
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It is evident that the fungus spreads under conditions of low rainfall, 
since new lesions continned to appear on new growth during an extremely 
dry period in October and November, 1939, when there was only 0.13 and 
0.68 inch, respectively, of precipitation. Some difference in susceptibility 
of different hybrids was noted, although none was immune. 

The species of Ceroospora causing this disease was at first in doubt. 
Similarity of the lesions caused by this fungus and those caused by C, pisa- 
sativae Stevemon indicated that the two diseases might be the same. How- 
ever, a comparison of Stevenson’s^ fungus with the one under investigation 
showed some differences. 0. pisa-sativae is described as having conidia mea- 
suring 3-4 X 50-240 [j, averaging 130 |j long. Spores of the writer’s fungus 
measure 3.2-5.7 X 25-325 p, averaging 3.82x87.5 (.i. It was found that the 
spores varied greatly in length, depending on the conditions under which 
they were produced. Most of those studied were from the host, where they 
had developed under very dry conditions. Spores formed under such con- 
ditions seldom reached 100 |j long. However, those formed on infected 
leaves held in a moist chamber for 2 or 3 days measured from 100 to 325 p 
long. It was observed that the width of the spores remained quite constant 
regardless of the conditions under which they developed (mostly 3.6 to 
4.2 p). It is apparent that spore length is not a dependable taxonomic 
character of this fungus, but spore width is. The coiiidiophores of the 2 
species measure respectively 4.5-6 x 50-170 and 4-4.8 x 35-90 p. 

Specimens were submitted to J. A. Stevenson who informed the writer 
that the lesions on the leaves from Georgia and Puerto Eico were very 
similar as to size, and marginal characteristics, but that the Puerto Kican 
fungus spreads out from the original spot and fruits freely over much of 
the leaflet, in decided contrast to the behavior of the Georgia fungus, which 
fruits sparingly and only in the center of the lesions. He stated also that 
the conidia from the Puerto Kican material were considerably larger than 
those from Georgia. The specimens sent to him had been taken from the 
cloth house, where they had been formed under dry conditions, hence they 
were small. 

Specimens were sent also to Charles Chupp at Cornell University, who 
kindly compared the Georgia material with co-type specimens of Cercospora 
pisa-sativae and Cercosporas on other closely related hosts and concluded 
that the species under consideration in this paper is C. lathyrina B. and B. 
He also compared a Cercospora from perennial sweet pea (Lathyrus lati- 
folius L.) (Fig. 1, C), the host of C. lathyrina, from Griffin, Georgia, and 
found this to be identical with that on peas. 

A single attempt was made to confirm the conclusion that the pea and 
perennial sweet pea Cercosporas were the same species. Spores scraped 
from naturally infected pea leaves were placed in water and sprayed on 
both pea and perennial sweet-pea leaves and the plants kept moist. A few 
typical lesions developed on a few of the perennial sweet-pea leaflets, while 

3 Stevenson, J. A. Report of the Division of Plant Pathology and Botany. Ann. 
Rept. Insular Exp. Stat., Porto Rico (1917-1918): 138. 1919, 



"D 

jthytopathology 

Wected leavea%«T„rhtli‘J™e iSSlp'S."” 

SUMMARY 

A leaf spot of peas {Pisuni sp.) caused by Cer 
and described. This disease is e, 

Experimenf perennial sweet pea. 

JL !’ Georgia, on peas growin; 


naturally 


'cospora lathyrina E, 
iaused by the same fung- 
It has been seen on' 
under a cloth shelter durino- 


SILVER NITRATE AS A STAIN FOR USE IN STUDIES OF 
CONDUCTION OF LIQUIDS IN WOOD^ 

John W. Johnson 
(Accepted for publication February 17, 1941) 

INTRODUCTION 

During the course of studies dealing with the California fiatheaded borer 
(MelanopMla calif ornica Van Dyke), which were conducted in northeastern 
California in 1939 by the Bureau of Entomology and Plant Quarantine, the 
effect of sears of flathead larval galleries upon conduction of liquids through 
the wood of ponderosa pine (Pimis ponderosa Lawson) was given consider- 
able attention. In order to secure information on this phase of the problem, 
a method of staining green wood tissues was sought that would demonstrate 
and preserve clearly the pattern of primary longitudinal liquid movements 
in wood, uncomplicated by lateral diffusion from the primary channels. 

A survey was made of methods and stains used by other workers in 
studies of conduction and sap flow in plants. However, the techniques 
referred to seemed not to satisfy fully the requirements of the present prob- 
lem. To meet these requirements, it seemed necessary, therefore, to make 
a study of stains and staining methods. A staining technique was needed 
that would (a) demonstrate the conduction pattern as it existed during the 
primary movement of a staining solution longitudinally through the wood, 
and (b) preserve the pattern of staining in the wood for later analysis. 

PRELIMINARY TESTS 

The first tests were made with filtered saturated solutions of the aniline 
stains scarlet red, water green, and methylene blue. Two methods of apply- 
ing the stain solutions to the blocks of green wood were tested. The first 
consisted of placing the lower ends of the wood blocks in vessels of staining 
solution, capillary action being depended upon to carry the stain through 
the wood. It was found that capillary force failed to bring about an active 
stain movement through the wood blocks. In the second method pressure 
was used, and the stain solutions were injected into the wood blocks through 
a rubber tubing fitted over their ends. Pressure injection resulted in a 
rapid flow of the staining solution longitudinally through the wood. It, 
therefore, was used for all later tests. 

When alcoholic aniline stains were applied under pressure for a few 
minutes and the sample was split open immediately afterward, a definite 
pattern of staining was observable. Such a pattern presumably was repre- 
sentative of the course of the stain as it existed when the solution was 
dynamically moving longitudinally through the sample. It was observed, 

iln carrying out tbe researeb on tMs problem, mucb assistance and many valuable 
suggestions have been given to the writer by his associates in the Bureau of Entomology 
and Plant Quarantine. Their aid and the helpful comments of other workers during the 
preparation of the manuscript, are gratefully acknowledged. 
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however, that, in a few minutes following injection, the stain spread later- 
ally into unstained areas, thus obscuring the initial pattern and making its 
analysis impossible. It seemed necessary, therefore, to find a staining solu- 
tion that could be fixed in the wood immediately after injection, so that the 
conduction pattern, representative of the longitudinal movement of the 
stain, could be preserved and lateral movement, due to the high diffusibility 
of the solution could be prevented. 

Consideration of other solutions that might fulfill these requirements 
resulted in the selection of silver nitrate. It has the following desirable 
features: (a) It forms a true solution, which does not obstruct the wood 
traeheids and can be applied as readily as aniline stains ; (b) it is easily 
soluble in alcoholic concentrations as high as 20 per cent; and (c) the silver 
js readily precipitated upon the wood, thus offering possibilities of filing 
the silver on the wood before lateral diffusion obscures the initial pattern 
When tests were made with silver nitrate solutions, it was found that this 
substance met the needs of the problem, and a 2i per cent silver nitrate in 
20 per cent ethyl alcohol solution was selected for further work. 

PROCEDURE 

The procedure was simple. Wood samples with and without larval gal- 
lery sears were cut from the surface of freshly felled green trees. It was 
not possible to carry out the preparation of samples under water, inasmuch 
as some phases of the work could not be accomplished with the inadequate 
field laboratory equipment available. However, the wood was kept wet bv 
frequent applications of water at all times during the process of prepaim- 

r all samples were ready for staining, the prepared samples were 
kept fresh by storing them in water chilled to about 32° F. Tests of cheek 
samples stored in this way for periods as long as 72 hours after the tree was 
cut showed no change in conductivity. Bach sample was made 3 inches 
long and 5/16 meh square. The ends were cut across with a sharp razor 
lade, and the corners of one end were rounded and smoothed to facilitate 
dose application of the walls of the rubber tubing when it was slipped over 
that end of the sample. In figure 1 is shown a wood sample and the slab 

of green pine 'wood from which it was removed. 

nf was stored in an elevated reservoir in the top 
of the field laboratory and was siphoned out through the rubber tubing that 
™ used for .njeetmg the ,ood sample.. The p„ss„e .t fte td 
of the tubing was about i of an atmosphere. A clamp on the lower end of 

the tubmg controlled the flow of the stain. • ^ er end ot 

^ When the tubing was slipped over the end of the sample, a small bubble 
• an usually was trapped in the tubing against the end of the sample It 
was necessary to remove this air so that it would not block the wnn,t + ^ n • i 

was dlllwedT the sample. Thelt 

was allowed to escape along the side of the wood samnie tf 

„ ,h.. the eolutiop ™p,d tae TSttm tUTpT 
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In view of the consistency of the patterns in series of samples that were 
stained, it seems probable that little blocking due to air occurred. After 
removal of the air, the solution was applied for 2 minutes, sufficient time 
to accomplish adequate injection of the sample. 

Immediately after application of the solution, the sample was removed 
from the tubing, split longitudinally, and placed in an elonhydroquinone 
developer (D 72, Eastman Kodak Company). After 30 seconds in the de- 
veloper, during which the silver was precipitated out of solution upon the 


Fig. 1, A green ponderosa pine slab and a wood sample removed from the outer 
sapwood of the slab preparatory to staining the sample with silver nitrate. Photograph 
No. 111900 by K. A. Salman, x about 0.8. 

exposed surfaces, the pieces of sample were transferred to acid hypo. This 
was allowed to act on the surfaces for 1 minute, when the pieces were trans- 
ferred immediately to a water bath. A longer time in the hypo seemed 
unnecessary. The samples were washed in flowing water for 10 minutes, 
giving the silver nitrate remaining in the interior of the wood opportunity 
to diffuse out and flow away with the water without precipitating on the 
surfaces. The pieces were then removed from the water, blotted, and dried. 


DISCUSSION 

Precipitation of the silver on the surfaces of the split samples appeared 
to preserve the pattern of conduction in the condition obtaining at the time 
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of splitting of the sample after its injection. The washing of the samples 
in water further prevented obscuring of the pattern produced on the split 
surfaces by carrying away silver nitrate that subsequently diffused out of 
the interior of the wood. It was possible by this technique to preserve 
clearly the pattern of the course of the liquid, presumably as it existed when 
the stain was flowing through the wood. Boundaries between stained and 
nonstained areas were sharp. The preparation of the solution was easy, 
and the equipment could he easily obtained and set up. The appearance 
of the wood samples after treatment is illustrated in figure 2, A and B. 


cambium surface of the wood. Note that in "R th? o each sample is the outei 

beyond the sears which are iiidipn+pfi "hv silver nitrate did not reach the wooc 

J. E. Patterson,^ X about 1^! ^ ^^^otographs No. 11199 b;) 

^ The final effect is purely a surface phenomenon. Only the surfaces of 
the split sample are brought into contact with the developer as its pene 

ro?Zt£n af ' f represents the conditions of stain 

Zflrl 1 particular plane in which the samples were split. It 

would be desirable to find a means of precipitating ?he silver in plac 
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througlioiit the wood, quickly, without allowing time for lateral diffusion. 
The possibility of injecting the developer into the wood immediately after 
the application of silver nitrate was considered, thus effecting precipitation 
of silver within the wood sample ; but this has not yet been tried. 

The method as here described was developed for a particular purpose, 
with the limited facilities and equipment of the field laboratory as were 
available. Its application under laboratory conditions may reveal its limi- 
tations, or result in refinements, and demonstrate its usefulness in other 
problems. 

Department of Botany, 

Ohio State University, 

Columbus, Ohio. 


THE VAPOR PRESSURE GRADIENT ABOVE A TRANSPIRING 

LEAP 

Vernon L. Feampton and Kaela Longe^e 
(Accepted for publication March 13 , 1941 ) 

It hardly seems necessary to dwell on the important role that micro- 
climates, as it were, adjacent to leaf surfaces, frequently play in spore ger- 
mination and in events that occur during the incubation period, as well as 
m some fungus developments and in insect ecology. The results reported 
by Longree,^to cite one specific and pertinent example, were essentially that 
the spores of the powdery mildew of roses require a high relative humidity 
(97--99 per cent) for germination, and that the presence of water in the 
liquid state is definitely detrimental to germination. The germination on 
rose leaves is good, even though the vapor pressure in the air at some dis- 
tance from the plants is relatively low. The implication is that the micro- 
climate adjacent to the leaf is a moist one, and, as such, is a very important 
factor in the infection of the plant by the fungus. 

It is interesting to speculate about some of the properties of these niiero- 
elimates. One would naturally expect that the vapor-pressure conditions 
adjacent to leaf surfaces are not qualitatively different from those adjacent 
to a free liquid surface where the diffusion process is the factor that tends 
to equalize the partial vapor pressure throughout the available space. We 
are not aware of any measurements having been made on the vapor pres- 
sure of water at various distances from the free liquid not in equilibrium 
with its vapor phase, but Ramsey, Butler, and Sang^ have ingeniously de- 
termined the relative humidities at various distances from transpiring 
leaves in a wind-tunnel under conditions controlled with reference to vapor 
pressure, rate of air flow, temperature, and illumination. We have made 
use of their data in this communication. 

The differential equation for the free diffusion of a single substance is 

where D = diffusion constant 
c = concentration 
t =time 

X, y, and z have their usual meanings 


>+§y2+^ 


or 


( 1 ) 




- .a. (2) 

requently occurs that there are extraneous disturbances, such as stream- 

of a transpiring gradient at the surface 
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ing, convection currents, gravitational force, etc., that influence the diffu- 
sion process. Under the simplest of these conditions the equation for diffu- 
sion reduces to 


St' 


:D 


S^e S(ev) 


( 3 ) 


Sx 

where v is the normal component of velocity induced by the extraneous dis- 
turbance. If conditions prevail such that v is not a function of time, a 
stationary state will eventually be reached where 

5t~ Sx= Sx 


(4) 



Distance from, surface in mm. 

Dig. 1. Values of log (Br-B) plotted against distance from the several surfaces 
studied by Bamsey, Butler, and Sang, where B is rel. humidity at a given distance from 
surface and S is reh humidity at long distance from surface. 
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The solation of equation (4) is 


-r V 

liog e = - X + constant 
= -^x + logN 


( 5 ) 

where log N is the integration constant, and the value of -v/D will be 
determined by the extraneous conditions. At the point where x = 0 (at the 
water surface for example) log N = log c, or N = e. Log c is directly pro- 
portional to X. The exponential law given in equation (5) holds generally, 
subject to the restrictions imposed by the experimental set up. In dealing 
with gaseous diffusion, one may substitute the partial pressure of the gas 
for concentration in these various equations. 

In figure ! we have plotted the values of log (Er-S) against distance 
from the various surfaces studied by Eamsey, Butler, and Sang, where E is 
the observed relative humidity at a given distance from the surface, and S 
is the relative humidity at a large distance from the surface. It will be 
observed that log (R-S) is proportional to the distance from the leaf. In 
the ease at hand we may substitute the contribution by the leaf to the rela- 
tive humidity (R-S) for the partial pressure of the water vapor and 
rewrite equation (5). 


log (R-S) - log M=:-^ x 


( 6 ) 


where M assumes the dimensions of relative humidity. 

The substitution is justified by virtue of the fact that the dimensions of c 
and N (equation 5) must be the same (that of partial pressure of water 
vapor, if we so choose) and by the fact that c and N each may be multiplied 
and divided simultaneously by the vapor pressure of water at the tempera- 
ture ill question without changing the equation. Equation (6) demands 
that log (R-S) be proportional to x; note that observation and theory 
agree. In the equation - v/D determines the slope of the curve and is influ- 
enced by the extraneous conditions; log M is the intercept when x = 0, and 
IS probably characteristic for the surface in question. At the surface of the 

In order to determine the relative humidity at the surface of a leaf 
assuming suitable experimental conditions, it is only necessary to deter- 

from the leaf ^ arbitrary distances 

n B in figure 1 were obtained from the data of Ramsey, 

Buter, and Sang for the relative humidity gradient over dock leaves as 
measuied by an evaporimeter ; curve C was obtained from their data for 

the gradient over a wet filter paper ; curves D and E are for tulip leaves as 
measured by a hygrometer. uuip leaves, as 

Department OF Plant Pathology, 

Cornell University, 

Ithaca, New York. 


SMUT SGEI PEOM OVAEIAL AND STAMINAL TISSUES 
OP CBETAIN GEASSES^ 


E. B. Hansing and C. L. Lefebvee 
(Accepted for publication Mareb 3, 1941) 

In certain smuts of native Kansas grasses belonging to the Andropo- 
goneae it was found that there is a wide range in size and shape of the sori 
of a given smut species on a particular host. Upon close examination, it 
was found that these differences were correlated with the organs from the 
primordia of which the sori were produced. These differences in size of 
the sori are particularly striking in Sorosporimn everhartii Ellis and Gall. 
on Andropogon furcatus Muhl. 

The spikelets of Andropogon furcaius are borne in pairs at each node of 
an articulate rachis. At each node, one spikelet is sessile and perfect, the 
other pedicellate and staminate (2). The latter also bear vestigial ovaries. 
These rudimentary ovaries of the pedicellate spikelets, as well as the ovaries 
of the fertile sessile spikelets, are often found affected by Sorosporkm ever- 
hartii (Pig. 1, A and B). When the staminal tissues are infected and 
develop into separate sori, these are smaller and much more slender (Pig. 
1, A, h) than those produced from ovarial tissue (Fig. 1, A, d). The studies 
here reported were made in 1935 on 148 affected spikelets from specimens 
collected 5 miles southwest of Manhattan, Kansas, (collection No. 1) ; and 
on 219 affected spikelets from specimens collected in the U. S. Dept. Agr. 
Grass Nursery, Kansas State College, Manhattan, Kans., (collection No. 2). 

Of all the sori prodiiced from ovarial tissue, 89 per cent, in collection 
No. 1 ; and 32 per cent in collection No. 2, were produced in the pedicellate 
spikelets. That is, these sori developed from rudimentary ovaries, which, 
normally, never develop seed. The sori from them, however, averaged 
almost as large (Fig. 1, B, e and n) as those developed from the ovarial tissue 
of the sessile, normally fertile spikelets (Pig. 1, B, a and j). 

In individual spikelets, sessile or pedicellate sori may develop from 
ovarial tissue only (Fig. 1, B, a, e, j, and n ) ; from ovarial tissue and 1, 2, or 
3 staminal primordia (Fig. 1, B, b, f, k, and o ; c, g, and i ; and d, h, m, and q) ; 
or from staminal primordia only (Pig. 1, A, h, and B, p). In collection 
No. 1, 91 sessile and 57 pedicellate spikelets were studied. Eighteen per 
cent of the former and 56 per cent of the latter had sori from staminal tissue. 
Similarly, in collection No. 2, 148 sessile and 71 pedicellate smutted spikelets 
were studied. Of these, 4 per cent and 13 per cent, respectively, had devel- 
oped sori from staminal tissue. Thus, it appears that there was a greater 
tendency for staminal sori to develop in the pedicellate than in sessile spike- 
lets. It is impossible to state whether the higher percentage of staminal sori 
in the one collection, 5 miles southwest of Manhattan, was because of the 
fungus, host, environment, or a combination of these features. 

1 Contribution No. 412 from tbe Department of Botany, Kans. Agr. Exp. Stat., Man- 
hattan, Kansas. 
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Pig. 1. A. Sorosporium everhartii on Andropc 
b, normal seed; q, e, g, and i, smutted inflorescences, 
in the central part of the right raceme in e 
sori; h, staminal sori. x i. B. a, sessile s 
two sori; c, sessile spikelet with three sori; 
spikelet with one sorus; t, pedicellate spik^ 
three son; h, pedicellate spikelet with four 
j, one sorus from a sessile spikelet ; k, two 
sessile spikelet ; m, four sori from a 
let ; o, two sori from a pedicellate spikSet ; 
son from a pedicellate spikelet. x f . 


a, normal inflorescence; 
. are especially apparent 
sori; f, mature ovarial 
vith one sorus; b, sessile spikelet with 
3 spikelet with four sori; e, pedicellate 
.two sori; g, pedicellate spikelet with 
sory normal seed of Andropogon furcatus ’ 
•T ^ sessile spikelet; 1, three sori from a 

sessile spikelet; n, one sorus from a pedicellate spike- 
.t; p, three sori from a pedicellate spikelet; q, four 
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Sori from stamiiial, as well as ovarial tissue, also were found in Sorghum 
vulgare infected with. Sphacelotheca sorgM (Liiik) Clinton and S. cruenta 
Potter in the smut nurseries at Kansas State College, Manhattan, Kans., in 
1936. In both of these smuts certain sori were found with compound tips, 
as shown for S. sorghi in figure 2, A, in contrast with the more common 
form of tip shown in figure 2, B. The compound tip is made up of 4 parts, 
3 from staminal tissue and 1 from ovarial tissue. These parts are united 
below to form the usual simple base. Apparently, even the sori with simple 
tips have originated from both staminal and ovarial tissues and the parts 
united very early in the development. Some of the otherwise almost smooth 
tips showed faint marks suggesting compound origin. 


Pig. 2. Sori of Sphacelotheca sorghi from 8 or ghum vulgare, A. Sori having com- 
pound tips. B. Sori having simple tips. X 3. 

Hansing (1) found that 50 per cent of the pistillate sori of Sphacelotheca 
occidentalis Glmioji on Andropogon furcatus and ot S. cruenta 

(Sholci) J Siokson on Sorghum halepense (L. ) Pers. were in the pedicellate 
spikelets. Kudimentary ovaries of Buchloe dactyloides (Nutt.) Bngelna. have 
been found similarly aifected loj Tilletia huchloeona K. and S., as have also 
those of A. f^crcatus (A. provincialis Lam.) and A. halUi Hack, kj S, oeci- 
dentalis (Ustilaga andropogonis K. and S.) (3) . 
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Tlie male inflorescence of Zm mays L. is often found affected by UsUlago 
zeae (Beckman) Angeii. SLJii So7-’osporium reilianum (Kiilm) McAlpine. 

Similar phenomena have been observed in the case of certain smuts of 
dicotyledonous plants (4 and 5). 

summary 

Variations in size and shape of the sori of certain smuts of grasses are 
discussed and are correlated with the organs from the primordia of which 
the sori originated. These are characters that may have importance in the 
identification of grass smuts. 

Kansas Agricultural Experiment Station^ 

Manhattan^, Kansas^ 

AND 

Bureau of Plant Industry^ 

Washington^ D. C. 
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- INTEESTATE COOPEEATIVE EXPBEIMENTS ON FIELD SPEAY- 
ING OF SOLE CHEEEIES" 


H. W. Thueston, Je., 0. F. Tayloe, A. B. Geoves 
andH.J.Millee 

(Acce^Dted for publication Mareli 10, 1941) 

For more tlian 15 years, a group of experiment station workers interested 
in tke problems of fruit growing in the Cumberland-Shenandoah Valley 
region have met once a year to exchange ideas and experimental results and 
to improve and unify recommendations made to growers in the 4 States in- 
volved. The value of this conference to the workers, at least, has been con- 
siderable, and some degree of unity in recommendations has been brought 
about. In recent years, the prosecution of carefully planned cooperative 
experiments has appealed to several members of the group as offering the 
best basis for securing still greater uniformity in recommendation. This is 
an account of such an experiment conducted in 3 States during the 1940 
season, involving a test of materials for the control of cherry leaf spot 
(Coccomyces Memalis), 

METHODS 

The experiment consisted of 13 single-tree plots and a check, randomized 
and replicated to 6 times within each State. The trees were all of the variety 
Montmorency and comparable in age, size, and vigor. The proprietary 
materials entering into the various sprays were supplied to the cooperators 
by the manufacturers from the same factory batch, thus making certain of 
their uniformity. The schedule consisted of 4 spray applications, timed uni- 
formly in relation to tree development. The 4 sprays were applied at the 
following periods: (1) petal-fall, (2) shuck-fall, (3) 3-week-eover, and (4) 
post-harvest. Uniform methods of collecting data made it possible to pool 
the results for statistical analysis. 

Treatments and Formulae . — Plot 0, nonsprayed check ; plot 1, Bordeaux 
2-4-100^; plot 2, lime-sulphur 1-50; plot 3, lime-sulphur 1-50 (Bordeaux 
2-4-100 in 4th spray) ; plot 4, Cupro K 3-3-100; plot 5, Basi-cop 3-8-100 
(zinc sulphate, monohydrate, lb.) ; plot 6, Pheno-thiazine 4 4 — 100 ; plot 7, 
tank-mix phosphate (copper sulphate 2 lb., tri-sodium phosphate 2 lb., lime 
3 lb.) ; plot 8, 13-3-100 ; plot 9, Copper Hydro ^‘408’’ 3-3-100; plot 10, 

Compound ^‘A^’ 1^-3-100; plot 11, Tennessee ‘‘26’’ 3—3—100; plot 12, as 
No. 11, with 1 pt. Orthex; plot 13, as No. 11, with 1 pt. Nu-fflm (a rosin- 
residue emulsion) . 

1 Authorized for publication on March 10, 1941, as paper no. 1022 in the Journal 
' Series of the Pennsylvania Agricultural Experiment Station, as Scientific Paper no. 261 

of the West Virginia Agricultural Experiment Station, and as Paper no. 109 of the Sec- 
tion of Plant Pathology of the Virginia Agricultural Experiment Station. 

2 All formulae are expressed in pounds per 100 gal. The first figure refers to pounds 
of copper compound and the second to hydrated lime. Lead arsenate (Orchard Brand) at 
2 lb. per 100 gal. was used in the first 3 applications on all plots except the check and No. 6 
(Phenothiazine). The lime called for in these formulae was the ‘‘Gold Bond’' brand of 
the National Gypsum Company. 
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^ Fruit data.—ihe eifect of the spray materials on size of fruit was deter- 
mined by counting the number of cherries in a 1-lb. random sample of fruit 
from each tree. In table 1 each figure in the “state” columns thus repre- 
sents an average of 6 lb., and each figure in the “average” column is an 
average of 18 lb. 

Foliage data . — The effect of the various sprays on the control of leaf spot 
was determined by leaf counts so arranged as to reflect the amount of defoli- 
ation. Prior to fruit harvest 10 branches were selected at random on each 
tree. These branches were tagged, each with two tags in such a manner that 
each pair of tags bracketed 50 leaves. This resulted in 500 marked leaves 
per tree, or 3000 leaves per treatment in each of the 3 States. Subsequent 

TABLE 1.— Effect of different spray materials on size of fruit as determined 6« the 
number of chernes per pound random sample from each tree ^ 2/ « 


Treatment 

Pennsyl- 

vania 

Virginia 

West 

Virginia 

Average^ 

Check 

94.5 

96.3 

102.2 

106 2 

113.0 

123.7 

115.3 

107.6 

ZO 

Gu Hydro '^40^^ 

116.3 

120.3 

112.1 

Cupro K 


112.2 

Tennessee “26” and Nu-film 

3 L. S. & 1 Bord 

104.0 
100.2 

101.5 
103.8 
100.2 
106.3 

105.5 

105.2 

112.0 

116.2 

11 0.3 
121.8 

T 01 O 

116.5 

114.2 

119.3 

113.0 

113.3 

Lime Sulphur 

IJl.J 

1 oi o 

113.6 

Basi-Cop 

IZl.O 

1 oo o 

121.0 

114.5 

Tennessee ^‘26’’ & Orthex 

lz3.3 

1 00 0 

117.0 

115.3 

120.8 

114.7 

Tennessee ^‘26^^ 

Compound 

i^y.u 

126.3 

127.2 

129.8 

129.8 

127.2 

114.8 

117.8 

Phenothiazine 

125.5 

119.4 

Tank mix Copper Phosphate 
Bordeaux 2-4-100 

124.7 

124.0 

129.5 

119.9 

121.9 
124.3 


5.95b 

7.85 


Least significant difterence 20: 1 
100:1 

the determined 

b Applies to averages only. 


TABLE 2.- 


-Effeet of spray treatment on number of cherries per pound 


Analysis of variance 



Degrees of 
freedom 

Sums of 
squares 

Variance 

Bloeksa 

Treatments 

15 

13 

2 

26 

194 

250b 

2,771.90 

4,564.16 

18,053.76 

1,878.35 

15,921.43 

43,180.60 

184.79 

351.08 

9,026.80 

72.24 

82.02 

States 

State X treatment 

Error 

Total . 



ujL jLreeaom ana sum < 

after determining each State separately. This addition 

missing data on one of the check trees. because of the necessity of supplying 
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counts of the leaves on these marked branches were made at intervals follow- 
ing the last spray application and the results expressed as the percentage 
remaining at any given date. The records made during the first week of 
October are presented here. 

RESULTS 

The data in tables 1 and 2 indicate, on both inspection and analysis, that 
the size of the fruit varied with the State in which it was produced. While 
this fact can perhaps be explained by variation in rainfall and other climatic 
factors, it is not pertinent to the present investigation. The data also indi- 
cate that nonsprayed trees produced the largest fruit. Since successful 
cherry culture demands protection against leaf spot, it is necessary to base 
comparisons for size of fruit upon the standard spray practice and not upon 
the nonsprayed cheeks. In this region lime sulphur has been the standard 


TABLE 3. — Percentage leaves remaining first weeTc of Octoter, 1940, Treatments 
aranged according to the average leaf retention 


Treatment 

! Pennsyl- 
vania 

Virginia 

West 

Virginia 

Average 

Compound A 

71.7 

74.7 

82.2 

76.18 

Tennessee ^^26” Nu-film 

66.9 

71.9 

85.2 

74.73 

Tennessee ^^26^’ 

67.0 

67.1 

83.3 

72.47 

Cu Hydro “40” 

68.2 

64.6 

83.2 

72.00 

Cupro K 

65.3 

67.7 

82.3 

71.77 

Tank Mix copper phos 

61.9 

61.4 

79.0 

67.43 

Tennessee ^ ^ 26 ^ ^ & Orthex 

66.3 

60.7 

73.4 

66.78 

3 L. S. & 1 Bord 

! 64.9 1 

69.0 

65.7 

66.53 

Basi-Cop 

55.1 

52.6 

88.9 

65.50 

zo 

48.5 

45.0 

87.0 

60.28 

Bordeaux 2-4-100 

68.9 

51.1 ' 

56.8 

58.92 

Phenothiazine 

17.4 

10.8 

60.8 

29.67 

Lime sulphur 

27.5 

21.3 

15.3 

21.38 

Cheek 

1.6 

2.8 

9.6 

4.67 


Least significant difference 20 : 1 8.18a 

'' '' 100:1 10.80 


a Applies to averages only. 


TABLE 4. — Effect of spray treatment on percentage leaves remaining. Analysis of 
variance^ 



Degrees of 
freedom 

Sums of 
squares 

Variance 

Blocks 

15 

6,052.84 

403.52 

Treatments 

12 

62,263.59 

5,118.63 

States 

2 

13,754.29 

6,877.14 

State X treatment 

24 

14,457.80 

602.40 

Error 

177 

27,390.90 

154.75 

Total 

230l> 

123,919.42 






a Analysis as in table 2. 

b Degrees of freedom = 230 because the cheek plots were omitted from the analysis, 
and it was necessary to supply the figures for three plots destroyed by wind. The missing 
values were estimated by the method of 0. H. Goulden Methods of Statistical Analysis, 
p. 261-263. 1939. See also Baten, TJ. P., Mich. Agric. Expt. Sta. Tech. Bull. 165. 1939. 
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material. It is, therefore, of interest to find that both tank-mix copper 
phosphate, and Bordeaux mixture, in the formulae we employed, resulted 
in fruit significantly smaller than when lime sulphur was used. 

In tables 3 and 4 it is again obvious, both from inspection and from the 
analysis, that the results varied with the State. Actually, the test orchards 
in both Pennsylvania and Virginia suffered a much earlier outbreak of leaf 
spot than did the orchard in West Virginia. The differences between treat- 
ments are, however, very highly significant and may well form the basis 
for the elimination of the more unsatisfactory materials from further con- 
sideration, even though it is not possible to pick a “best” material with 
certainty from a single season’s results. 

The method of determining the amount of defoliation perhaps deserves 
a further word of comment. Cherry leaves fall for at least two reasons; 
first, because they are infected by the leaf -spot fungus ; and second, because 
they may be injured by the spray applied. We have not, in this study, 
attempted to determine the percentage or severity of infection, except by 
observation. The number of leaves remaining is, therefore, an indication 
of two characteristics of the fungicide, namely its value as a fungicide and 
its safety. 

DISCUSSION 

AVhile many States have reported on spraying experiments with cherries 
and our results are, in part, confirmatory rather than new, we are not aware 
of any previous attempt to pool in a single analysis the results of coopera- 
tive tests such as are here reported. Cooperation in research has been em- 
phasized so much in recent years that the suggestion has become anathema 
to many investigators. We believe, however, that many problems actually 
lend themselves to the type of cooperative effort here set forth, and, further- 
more, that in many instances such effort would result not only in a greater 
uniformity of control recommendations, but in considerable saving of time. 
In this instance we find 3 criteria for the elimination of certain materials 
from further tests. In the first place, we can eliminate Bordeaux mixture 
and tank^ix copper phosphate in the formulae and schedules used because 
ot their effect on the size of the fruit. In the second place, we can eliminate 
hme sulphur and phenothiazine because of consistent failure to control leaf 
spot in the schedule used. Thirdly, certain materials may be eliminated be- 
cause of their inconsistent effect upon leaf retention. ZO and Basi-Cou 
gave exeeUent leaf retention in the West Virginia test where the leaf spot 
epiphytotie began comparatively late, but did not stand up under the cL- 
ditions of heavier infection that prevailed in Pennsylvania and Virginia. 
Had the test been run in West Virginia alone, at least one additional year 
and perhaps more would have been necessary to make this fact apparent 

Pennsylvania State College, State College;, Pennsylvania 
West Virginia University, Morgantown, W. Va., and 
Winchester Research Laboratory, Winchester, Va. 


THE PATHOGENICITY OP PAIEED HAPLOID LINES OP 
USTILAGO ZEAB VERSUS THE PATHOGENICITY 
OP NUMEROUS MIXED HAPLOIDS" 

M.P.KeenkampandW.J. Martin 
(Accepted for publication March 3, 1941) 

In the course of studies of Ustilago zeae^ it has been observed that inocn- 
lating corn with a composite mixture of a number of haploid lines causes a 
different degree of infection than the single haploid pairs that are included 
in the composite inoculum. Similar results were reported by Holton and 
Heald^ and by Rodenhiser and Quisenberry,® who found that some varieties 
of wheat resistant to a composite inoculum of Tilletia were highly sus- 
ceptible to some of the individual collections included in the mixture. 

In these experiments Northwestern Dent corn seedlings were inoculated 
in the greenhouse with single pairs of haploid lines of Ustilago zeae and with 
bulk inoculum comprising all of the haploid lines used in the single pairs. 
All inoculations were made by injecting potato-dextrose broth suspensions of 
Ustilago zeae into the plants. The results of the first experiment appear in 
table 1. In recording the results, arbitrary infection ratings were set up on 
the basis of the number of plants infected and the number and size of galls 


TABLE 1. — The comparison of the degree of pathogenicity of single pairs of haploid 
lines of Ustilago mae with that of the composite inoculum 


Inoculum^ 

Infection rating 

HaA2-2- 

■1 X HaD4-4 

0 fieck 

HaC3-5 

X B.C.B3-4 

0 fleck 

HaA3-4 

X B.O.Al-5 

3 + 

HaC2 

X B.C.C3-1 

1 + 

HaB4~3 

X HaD4-3 

; 2- 

HaC2 

X HaC3-5 

2 

HaB4-3 

X B.C.C3-1 

! .2 + 

B.C.C3-1 

X B.C.A1~5 

3 

HaA2-2- 

-lxHaA3-4 

2- 

HaD3 

xB.C.Al-5 

4 + 

HaC3-5 

X B.G.Al-5 

4 

HaD3 

XB.G.B3-4 

1- 

HaA2~2- 

d X B.G.C3-1 

1- 

HaA3-4 

X HaB4-3 

2 

Composite of all lines listed above 

2- 


a The label of a haploid liue may be interpreted according to the following : HaA2~2-l 
is the first variant arising from the second variant produced by the monosporidial line 
from cell number 2 of the promycelium of chlamyodospore A from a collection from 
Hastings, Minnesota. Those indicated B.C. are from Brooklyn Center, Minnesota. 

1 Paper No. 1895 of the Scientific Journal Series, Minnesota Agr. Exp. Station. 
Assistance in the preparation of these materials was furnished by the personnel of the 
Work Projects Administration, Official Project No. 65-1-71-140, sponsored by the Univer- 
sity of Minnesota, 1940. 

2 Holton, 0. S., and P. D. Heald. Studies on the control and other aspects of bunt of 
wheat. Washington Agr. Exp. Stat. Bull. 339. 1936. 

3 Eodenhiser, H. A., and K. S. Quisenberry. Bunt reaction on same varieties of hard 
red winter wheat. Jour. Am. Soc. Agron. 30: 484-492. 1938. 
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formed on the plants. The lowest degree of infection was designated “0 
fleck ’ and the highest was “ 4 .” These were further qualified by t + ) 
and ( - ) . \ y 

As indicated in the table, the virulence of single pairs ranged from 0 fleck 
to 4 +, whereas the virulence of the composite of aU the haploid lines was 2 

It has been suggested that the dilution of the more virulent races may 
result in their being masked by other, less virulent, races in the mixture.^ 
An experiment, therefore, was made in which measured quantities of inocu- 
lum were used in the single pairs and the composite inoculum contained 
equa proportions of each haploid line. In this experiment, 2 series of 
inoculations were made. One series consisted of 4 single highly virulent 
pairs and the composite of these 4 combinations. The other series consisted 
of 4 pans ranging from relatively low virulence to high virulence and the 
composite of those lines. Each combination was triplicated and the experi- 
ment was repeated 3 times. The results of this experiment are recorded 
in table 2. 




Higlily virulent combinations 

Infection 

Bairs whose virulence ranges 

Infection 


rating 

from low to high 

rating 

Ha A 3-4 X B.C.Al-5 
B.0.03-1 X B.aAl-5 
HaD3 xB.O.Al-5 
HaC3-5 X B.C.Al-5 
Composite of all lines 
listed above 

4 + 

3 + 

4 

3 

4 

j HaC3-5 XB.C.B3-4 

HaA3-4 X B.C.Al-5 
HaD3 X B.C.Al-5 
HaD3 X B.C.B3-4 
Composite of all lines 
listed above 

2 

3 + 

4 + 

2 

3 

Composite of all lines in 




both series 

3 + 




series ann^h^r.r ’ in each 

SwiJrt . virulence of the single pairs in each series 

int^mediate Sr “ composite of all the lines in both series was 

intermediate between the reactions of the composite of both series These 


It was also postulated that the presence of a weakly virulent nair in a 
composite inoculum might limit the development of ie highly vTuLt 

ShJpTtr^^ “• - experiment was mJde tTS 


Corn seedlings were inoculated with a weakly virulent nair of barUni^ 
ines ; then the same seedlings were inoculated 3 and 6 days later with a 
highly virulent pair. This was done with several diiferent linerlarhT 
run in triplicate and repeated twice. In no cL did 

^ y vmulent pair prevent the development of the highly virulent com- 

IS. 


ilie opposite of this was also done in 
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which plants inoculated with highly virulent pairs were subsequently inocu- 
lated with weakly virulent pairs. The latter results, however, were rather 
erratic and no definite conclusions could he drawn from them. The results 
show that the presence of one compatible pair of haploid lines in seedlings 
will not prevent the development of another in the same seedling, although 
the presence of compatible pairs of haploid lines that are weakly virulent 
may limit the development of others that are highly virulent. 

It was further considered that there might be some antibiotic effect of 
one pathogenic strain upon another. An experiment was made in which 
all of the lines used in the inoculation studies were grown in all possible 
paired combinations on potato-dextrose agar in duplicate 250-cc. Erlenmeyer 
flasks. In no case was there any indication of one line having an antagon- 
istic effect on another. This, of course, was done under extremely artificial 
conditions, and does not by any means prove that different lines are not 
antagonistic to one another in the plants. 

Whatever the explanation may be, these results, which agree with 
others,^’^ indicate that care should be taken in classifying resistant varieties 
on the basis of their reaction to bulk inoculum. 

Division op Plant Pathology and Botany, 

Agricultural Experiment Station, 

University Farm, St. Paul, Minn. 



PHYTOPATHOLOGICAL NOTES 


A Fusarmm Wilt of Sweet William (Dianthus 'bar'batus) } — In 1939 a 
serious disease of sweet william, Dianthus hartatus L., showing the charac- 
teristics of a fusarinm wilt, was encountered by C. M. Tompkins in outdoor 
plantings in the Colma section of San Mateo County and in Golden Gate 
Park, San Francisco, California. Cultures prepared from affected plants 
consistently yielded a fungus that fitted the description of Fusarinm oxy- 
sporum Schlect.,^ and that has been proved pathogenic in subsequent green- 
house tests. This is the first record in the writer’s knowledge of a fusarinm 
vascular wilt of this plant. 

Symptoms of the disease appear first as a yellowing of the new growth. 
The yellowing may involve the entire leaf or only parts of it, occurring in 
the latter case as large indefinite blotches or streaks. With the inception of 
the disease, growth becomes much retarded, resulting finally in conspicuous 
stunting, especially when infection occurs early. As the disease progresses 
the leaves come to point downward, instead of upward as in a healthy plant, 
and the edges tend to curl slightly towards the under surface (Fig. 1, B). 


as B, but not inoculated. B. Inocmated 6 S S To ZTomLIZ 

The leaves do not, as a rule, wither or wrinkle, as is sometimes the case fol- 
lowing mechanical or other damage to the stem, but tend rather to become 


The species concept in Fusarinm. Amer. Jour 
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leatheiy. They gTadiially turn yellow and become tinged with tan as they 
die. At this stage, yellowing of the diseased plants is in striking contrast 
to the normal dark green of health}^ plants. A brown discoloration of the 
vascular system of the roots and lower stem attends the foliage symptoms. 
In large plants a unilateral development of symptoms has been observed. 
Infection may take place any time from the seedling to, and including, the 
blossoming stage. As in the ease of fusarium wilt of asters, a basal stem 
rot appears early in the course of the disease and may be considered a sec- 
ondary symptom caused by the wilt-producing Fiisarmm. The foot-rot 
symptoms that accompany the vascular wilts of these plants are due in large 
part, no doubt, to the very close proximity of the vascular elements to the 
suiTace of the stem. 

Single-conidium cultures of the Fusarium isolated from the field speci- 
mens were used in all greenhouse inoculation trials, as well as in laboratory 
studies of the fungus. In one experiment, sterilized soil was infested by 
incorporating in it chopped-up mats of the fungus grown on potato-dextrose 
broth, and healthy transplants were placed in it. In later experiments, 
inoculation w^as obtained by pouring a spore suspension of the f ungus over 
the soil of 6-inch pots, each containing a healthy plant. Greenhouse soil, 
infested in 1939 and allowed to stand idle approximately 8 months after the 
plants in it had died, was still highly infested at the end of this time, as 
measured by the rapid wilting of healthy plants newly transfeimed to it. 
Field evidence indicates that soil once infested remains so indefinitely. 

Whether healthy transplants were placed in infested soil, or the fungus 
introduced into non-infested soil (by means of a spore suspension) support- 
ing healthy plants, symptoms usually developed wdthin 2 to 4 weeks (some- 
times within a week). Often severe wilting, even death, had occurred a 
month or 6 weeks following exposure of the plant to the fungus. 

A white-flower variety of sweet william was used in these tests, which 
took place over the period of about 1-| years. In no ease did the controls, 
maintained in numbers equal to the inoculated plants, become infected. 
The total number of potted plants inoculated during this time was 52, all 
of which developed the disease. In addition to these, larger numbers of 
seedlings were successfully inoculated. 

In each of two inoculation series, 12 pink and red varieties of carnation, 
DiantJms caryophylhts L., were included in the tests. None of these de- 
veloped symptoms, although they were retained nearly 2 months after the 
sweet william plants had died. 

A vascular fusarium wilt of carnation, caused by F. oxysponmi f. dianthi 
(Prill, et Del) Sny. et Han., has been known for about 40 years, but no 
report of a similar disease of s-weet william, another common species of the 
same genus, has appeared in the literature. Furthermore, inoculation ex- 
periments have indicated that the pathogen of the newly found wdlt of sw^eet 
william does not attack carnation. In view^ of these facts, coupled with 
knowledge of the high degree of host specificity typically shown by the vas- 
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eular f usaria, it is concluded that the sweet william fungus is a form distinct 
from F, oxysporum f. dianthi Consequently, in keeping with a procedure 
of Fusarium classification presented recently, ^ it is proposed that the form 
of Fusarium oxysporum, which causes the vascular wilt of sweet william 
Dianthus harhatus, he designated as F. oxysporum f. harhati n f — W C 

Snydee, Division of Plant Pathology, University of California^ Berkelev’ 
California. " ’ 

Willow Blight in British Columhm.^— Willow blight has been known in 
the eastern United States and Canada for more than a decade. Clinton® 
first observed the disease in Connecticut in 1927 and Harrison® began his 
studies of It in Nova Scotia during the same year. However, what was 
undoubtedly the same disease began to attract attention in Prince Edward 
Island as early as 1925, ‘ although the cause was not determined. Since then 
willow blight has destroyed large numbers of willows in the Maritime 
J:ovinces and in Quebec on the north shore of the Bay of Chaleur and along 
the St. Lawrence River. In the United States it is destructive in New 
England and has been reported from Maine, New Hampshire, Vermont, and 
North Carolina in 1937.= The present aeccount appears to be the first 
report of its occurrence on the Pacific Coast. 

In the spring of 1940 a series of twig cankers were collected by G E W 
Clarke from a willow grooving in the hospital grounds at Abbotsford, B. C. 
The cankers were covered with the aeervuli of the conidial stage of Physalo- 
spora^njaheana Puk. and on two of them perithecia of this pathogen were 
also found. No leaves were received but on one small twig Fusieladium 
saliciperdum (All. and Tub.) Tub. was fruiting freely. 

When Abbotsford was visited on September 18 the tree was found to be 
heavily infected, and several smaller trees, which had originated from 

affect adjoining property, were also 

fleeted The tree in the hospital grounds was about 20 years old, and had 

grown from a cutting taken from a willow on a private property about one 
mik from the hospital. The parent tree had been removed and, as the owner 
had died several years previously, it was not possible to secure any informa- 
origin. The disease was first observed about 3 or 4 years 
ajo. Since a thorough search in Abbotsford and vicinity failed to disclose 
the presence of other diseased willows it was decided that the four infected 
trees should be destroyed and, through the co-operation of the owners this 
as accomplished. More extensive scouting in the lower Fraser River val- 

and Plant Pathology, Science 
PI. Dis. Eptnll': 87-8l”l927r'‘“ in Connecticut. IT. S. Dept. Agr. 

34-36.^TS”’ Willow blight. Canada Dept. Agr. Eept. Dom. Bot. (1928) : 

P°“’SMda bfes! °“ada Dept. Agr. 

Supp. 110: ki- 253 !”\M 9 y' ®“eases of trees. D. S. Dept. Agr. PI. Dis. Eptr. 
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ley and about Victoria on Vancouver Island did not reveal any further 
instances of willow blight. 

Material collected in September showed cankers 2 to 4 cm. in length on 
twigs 2 to 7 mm. in diameter. The cankers had girdled the smaller twigs 
and the death of the terminal shoot and its leaves had followed. The surface 
of the cankers was thickly studded with the acervuli of Physalospora 


EiG. 1. Willow branch showing two cankers caused by Physalospora miyabeana. 
Fruiting bodies appear as black dots on the light gray surface of the cankers. The twig 
at the left has been killed, x 1.5. 

miyaheana but no Fusicladium was present then (Fig.l). The constant 
association of two organisms in willow blight is a remarkable fact. The 
symptoms caused by the two fungi are identical and there has been disagree- 
ment as to which is the primary parasite. In England Nattrass“ regards 
Fusicladium saliciperdum as secondary to Physalospora miyaheana; Deiuiis^ 
finds that V, saliciperdum is not the cause of any disease in willow; while 

«Nattrass, E. M. The Physalospora disease of the basket willow. Trans. Brit. 
Mycol. Soc. 13 : 286-304. 1928. ' 

7 Dennis, E. W. G. The black canker of willows. Trans. Brit. Mycol. Soc. 16; 76- 
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Brooks and Walker® conclude that both fungi are capable of causing serious 
injury. In the United States Clinton and McCormick® believe that F. salici- 
perduni is the principal cause of willow blight with P. miyabeana causing 
less serious injury later in the season. In Canada, Harrison"" finds that both 
fungi can cause serious injury, hut that F. saliciperdum initiates the blight 
a little earlier in the spring than P. miijabeana. In the present instance it 
was largely the Physalospora which was present on the specimens ex- 
amined.— I. L. Conners, A. W. McCallum, and J. B. Bier, Ottawa, Ont., 
and Victoria, B. C. 

A Low-temperature Basidiomycete Causing Early Spring Killing of 
Grasses and Legumes in Alberto."— A low-temperature basidiomycete, not 
yet identified, has been found to cause extensive killing of certain grasses 
and alfalfa in Alberta about the time of the first spring thaw. This fungus 
was first isolated in 1931 from turf grasses severely damaged by snow- 
mould.® Later, the junior writer obtained the same fungus from a destruc- 
tive crown rot of alfalfa and tested its pathogenicity on various legumes. 

Insofar as the early spring killing of grass is concerned, this basidio- 
myeete may be classed as n snow-mould. The affected patches of turf are 
definitely smaller than those caused by Fusarium spp. Also, on these af- 
fected areas are found light gray hyphae instead of a pinkish mycelium. 
In a field test, plants of Kharkov winter wheat, from seed planted early in 
September, 1940, and inoculated with the basidiomycete in November, were 
destroyed during the early part of March, 1941 (Pig. 1, A). Also, 22 spe- 
cies of grasses were killed in the same test. Bromus inermis Leyss was the 
only one that appeared to be partially resistant. The pathogen was isolated 
from diseased tissue much more readily at 5° than at 20° C. 

During early spring this basidiomycete also kills alfalfa. Dark-brown, 
crowm lesions, which sometimes extend down the root, are produced. Usu- 
ally the plants are killed in irregular patches, and these areas enlarge from 
year to year. Damage ranging from a trace to the destruction of 50 per 
cent of the plants has been found in many alfalfa fields in central and 
northern Alberta. The pathogen can be isolated fairly readily from dis- 
eased crown tissues incubated at a temperature near freezing. Inoculation 
experiments (Pig. 1, B) have shown it to be the most virulent fungus yet 
isolated from crown and root tissues of alfalfa in Alberta. All varieties so 
far tested of alfalfa, sweet clover, red clover, alsike, and white dutch clover 

have been completely killed in the early spring. ’ 

NewP®yt&^'6li67^"^19^5 <>"" Fusieladium saliciperdum. 

Stat. K U McOormiek. The willow scab fungus. Conn. Agr. Exp. 

Dom^BoMlS)f37-l8 Provinces. Canada 

of AS^Ottawa. Pathology, Science Service, Department 

Alberta'" M!Agni6°; snow-mould of turf in 
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Fig. 1. Early spring killing of (A) Kharkov winter wheat, and (B) Grimm alfalfa, 
by the low-temperature basidiomycete. Note healthy plants surrounding killed areas. 
Iiioeulum was applied the previous fall. 

This pathog:eii grows readily on most nutrient media at temperatures 
from 0 to 18° C., producing a fluffy white, sterile mycelium. Cardinal tem- 
peratures for growth are about - I, 15, and 26 degrees C. Sclerotia, fruit- 
ing bodies, and spores have not been found on the diseased host plants, and 
many attempts to produce them in culture under varying conditions of 
temperature, light, moisture, and nutrient media have failed. The charac- 
teristic clamp connections of the mycelium and the occasional production of 
small rudimentary sporophores on culture media indicate that this fungus 
is a basidiomycete. It may be related to Typhida, but the complete absence 
of sclerotia excludes it from those species studied by Remsberg.^'^ — W. C. 
Broadfoot and M. W. Cormack, Dominion Laboratory of Plant Pathology, 
University of Alberta, Edmonton. 


Virus Antagonism, Natural Host Besistance, and the Aequired-immu- 
nity Concept with Reference to Plants. — ^In recent years, discussions on 
^‘acquired immunity’^ in plants have centered around the virus diseases, 
especially the mosaics and ring spots. Price, ^ in a paper dealing with this 
subject, comments on the writer’s^ first record of virus antagonism in plants 
as follows : ‘ ■ It appears unlikely that McKinney regarded the x^rotection by 
the light-green-mosaic virus as acquired immunity, for he merely mentioned 
the experiment casually and did not report any further study of the 
mattei’.^V 

Contrary to Price’s statement, reference to the literature will show that 

s Uemsberg, Ruth E. The snow mould of grains and grasses caused hj Typliula 
itoana Siiid TyphuJa idahoensis. Phytopath. 30: 178—180. 1940. 

4 Bemsberg, Ruth E. Studies in the genus Myeologia 32: 52-96.^ 1940. 

1 Price, W. 0. Acquired immunity from plant virus diseases. Quar. Rev. Biol. 15: 

338-361. 1940. 

2 McKinney, H. H. Mosaic diseases in the Canary Islands, West Africa, and Gi- 
braltar. Jour, Agr. Res. [P.S.] 39: 557—578, 1929. 
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the Avriter did make further study of the matter.'*- Furthermore, at 
the time of the first report, enough information was already in hand to make 
the AAU-iter reluctant to interpret the reaction as acquired immunity. In a 
later report,^ the subject of possible acquired immunity in tobacco was dis- 
cussed, but the idea that we are dealing with Iona fide acquired immunity 
in the case of Nieotiana virus 1 and its yellow mutant Type A, was not ac- 
cepted Avholeheartedly for the reasons that seem to be rather clearly stated 
111 tlie conclusions to that paper. 

Among the vertebrates there are many outstanding examples of both 
recovery and acquired immunity from virus and other infectious diseases. 
Infected tissues eventually become healthy, virus-free and resistant to 
reinfection for a long period or throughout life. In plants, however, in- 
fected tissues seldom, if ever, actually recover and become free of an infec- 
tive agent. 

In the mosaics, the so-called acquired immunity may be regarded as a 
type of vunis antagonism or selective antibiosis, more or less comparable to 
le aversion reaction that Hoppe" described in corn plants and in culture 
p ates, Avdieii certain pairs of Biplodia zeae strains were introduced. 

Studies on tobacco ring spot have borne out Valleau’s® conclusion, that 
plants do not outgrow the disease. Under the usual conditions of plant cul- 
ture, the disease passes from the acute phase (ring spots, lesions, and oak- 
eaf patterns) to a less evident chronic phase in the subsequent virus-in- 
eeted leaves Furthermore, infected plants have given low yields of seed.® 
n these studies, the diffuse chlorosis associated with low temperature as 
described by Valleau,® and also a mottled and a necrotic-spot form of this 

in^fecr'l’ ""f certain varieties, and Avhen the 

eeted plants were provided with ample amounts of fertile soil. It was 

found that the continuation of the typical acute symptoms is favored ivlien 
succulent growing leaves are wiped with large quantities of virus when the 
p nts have entered the period of maximum growth rate. In certain selec- 
tions of early maturing tobacco, as high as 70 per cent of the plants expressed 

SlAT™ “ *■">* after the oeSTS 

^ . ease. Usually, but one to four leaves expressed acute svmptoms when 
young seedlings ivere inoculated before the period of rapid growth and 
usually ve.T ™ak or no loeal or .systemie symptoms .ppeL.l Xn 'yir™ 

82: influence of a virus on one of its mutants. Science 

mutation in the common mosaic of tobacco, 
lishing relatiSip 'brtweer virus^Xtante™nd"nonrllur* for estab- 

(Mversity Press. CambddgtV 7tli Int. Genet. Cong. (1939) 200- 

Bes. UTxf63^Tn-680.^“lS3r^^^ interspecific aversion to m^loiHa. Jour. Agr. 

.spotjt,b,u;;o'v^!^;t?-u„frt“:gC“ 
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was wiped on slow growing leaves liaving the characteristic thick, leathery 
textnre. 

It appears that tobacco varieties, for the most part, do not possess a very 
high degree of susceptibility to ring spot, and that a complete understanding 
of the disease depends in large measure, on an understanding of the several 
factors that influence the expression of natural host resistance. 

Ill recent years the term acquired immunity has been applied to so many 
diverse types of reactions that it is losing its significance and there is little, 
if anything, that can be said in fai^or of some of the acquired-immunity 
types that have been proposed. Price^ cites three types of active acquired 
immunity: (1) chronic-disease type, (2) carrier type, and (3) sterile 
type. The writer proposes that type 3 be recognized as l)ona fide active 
acquired immunity and that types 1 and 2 be discarded, at least by phyto- 
pathologists. In the ease of type 1, this proposal is based on the fact that 
application of the term to the domination of one mosaic virus over another 
serves no real purpose when we take into account the fact that the so-called 
protecting virus continues to multiply throughout the life of the plant and 
induces a disease that in some instances is far more devastating to the plant 
than the disease against which it is presumed to protect.® In the case of 
type 3, the proposal is based on the view that the term immunity should be 
reserved for those cases in which a given virus or other infectious agent 
cannot multiply in a given organism. So-called symptomless carriers and 
mild reactors, then, represent degrees of resistance, or tolerance, and sus- 
ceptibility, because it seems highly improbable that carriers are totally free 
from symptoms. It seems far more reasonable to believe that plants that 
support a virus, bacterium, a fungus, or protozoan will manifest at least 
microscopic and biochemical signs of disorder.— H. H. McKinney, Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department 
of Agriculture. 



A ROOT DISEASE OF JEFFREY AND PONDBROSA PINE 
REPRODUCTION^ 

A L V E R J . 0 L S 0 N2,3 

(Accepted for publication April 5, 1941) 

In May, 1934, a disease causing the death of Jeffrey pines (Pimis jeffreyi 
Mur.) was found at Lasco, on the eastern slope of the Sierra Nevada Moun- 
tain range in northern California, by K. A. Salman, Bureau of Entomology 
and Plant Quarantine, of the United States Department of Agriculture. 
The roots of the dying trees were involved, and, concluding that the disease 
was not caused by insects, Salman brought it to the attention of the San 
Francisco office of the Division of Forest Pathology, Bureau of Plant In- 
dustry. Ernest Wright of that Division, together with Salman, commenced 
in May, 1934, a series of investigations that continued until late summer 
of that year. 

Cultures were made from affected roots of fading trees, and Wright 
consistently isolated one certain fungus. In June, 1934, the bases of 3 
Jeffrey pines on the Stanislaus National Forest, California, were inoculated 
with cultures of the fungus isolated at Lasco. No infection resulted. 
Wright realized that inoculations should also be made into roots, but was 
obliged to give up the problem on leaving the State at that time. 

The disease was brought to the attention of the writer in the spring of 
1937 by Willis W. Wagener, Senior Pathologist with the San Francisco 
office of the Division of Forest Pathology. Observations and experiments 
were initiated by the writer in May, 1937, and continued until June, 1940. 

The disease has thus far been found only at Lasco. The pine regions of 
California have been extensively inspected by Wagener and Salman who 
state that they have not seen the disease elsewhere. 

Affected trees are found in localized centers that are thinly scattered 
over an area of approximately 7,500 acres, lying just west of Lasco. The 
areas on which the disease is found were logged off under U. S. Forest 
Service supervision during the years from 1919 to 1930, inclusive. The 
elevation is approximately 5,500 feet above sea level. The ground is fairly 

lA revised dissertation submitted to the Grraduate School of the XJniversity of Cali- 
fornia in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

2 Timber sales supervisor. The Bed Biver Lumber Company, Westwood, California, 

3 The writer is indebted to Dr. E. P. Meineeke and Dr. H. N. Hansen for their counsel 
and advice; to Professor P. S. Baker for providing the Jeffrey pine seedlings for inocu- 
lation experiments; to Dr. Willis W. Wagener for bringing the disease to the attention of 
the writer and for his continued assistance; to Mr. Ernest Wright and Dr. K. A. Salman 
for information concerning their early experiments and observations; to Dr. J. T. Barrett 
for examining the fungus and checking the use of descriptive terms; to Dr. G. D. Alcorn 
for examining the fungus; to Dr. A. S. Poster for confirming the waiter ^s interpretation 
of the fungus mycelium within the host tissue; to Professor Emanuel Pritz for checking 
the writer's determination of species from bark samples; to Mr. A. G. Brenneis of the 
IJ S. Forest Service for furnishing information and cutover maps of the Lasco area; and 
to Mr. Kenneth R. Walker of the Red River Lumber Company of Westwood, California, 
for permitting field inoculations on Red River holdings at Nubieber, California. 
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level, with a few knolls and slopes, and many rocks of volcanic origin 
are present. 

The ground is quite moist during the spring of the year, because of 
late-melting snows j this condition usually continues until the latter part of 
July, after which the soil gradually dries out. With the exception of a few 
small spots along streams, the area is well drained. 

The conifers growing on this area are : ponderosa pine {Finns ponder osa 
Dough) ; Jeffrey pine (P. jejfreyi) ; white fir {Abies concolor Lmdl, and 
Gord.) ; some lodgepole pine (P. contorta var. murrayana Engelm.) ; and a 
few sugar pines (P. lambertiana Dough) in 2 small, localized areas. 

DESCRIPTION OP THE DISEASE 

The disease has been found to affect the roots of Jeffrey and ponderosa 
pines, but, to date, has not been observed on any other conifers. 

The youngest affected tree observed by the writer was 5 years old, the 
oldest was 17. In 1934 Salman and Wright found 3 diseased Jeffrey pines 
that were much older, and measured from 14 to 16 in. in diameter at breast 
height. The roots of these trees manifested typical disease symptoms and 
Wright isolated the fungus that eventually proved to be the pathogen. 

Localized centers of diseased trees always are observed in the immediate 
vicinity of the old stumps on the cutover area. Affected trees have been 
found so close to the neighboring stump that they actually touched it ; others 
have been found at various distances from the stump, the most distant 
being 19 ft. 

Fifty-four stumps in the immediate vicinities of diseased trees were 
examined. All were either Jeffrey pine or ponderosa pine. The bark of 
the stumps was examined to differentiate between the two, and a confirma- 
tion was given by noting the presence or absence of the typical aroma of 
fresh-cut wood of the former. Sixteen of the stumps were ponderosa pine 
and 38 were Jeffrey pine. 

Affected trees show no external symptoms during the early stages of 
the disease. During the later stages the affected tree begins to fade; the 
normal green color of the needles fading to a paler green, then to a whitish- 
green. The needles then quickly turn yellow as the diseased tree dies 
(Pig. 1, A). The needles later become brown and still later fall, leaving 
the skeletons of the dead trees standing clustered around the old stumps 
(Pig. 1, C and D). An exudate of yellowish- white pitch, which may flow 
onto the surrounding soil or duff, is found on the root collars of dead and 
dying trees. 

The first symptoms (paling of affected trees) are first observed from 
early May to late June, depending on the weather. They appear in sum- 
mer and normally prevail up until late September, when frost first generally 
occurs at Lasco and the disease becomes less active. Warm weather how- 
ever, persisted late into the fall of 1939, and the initial symptoms were 
observed as late as early December. 
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All exudate of yellowish-white pitch is found on the surfaces of diseased 
roots. The steles of alfected roots are heavily infiltrated with pitch (Fig. 2 , 
D and G). Freshly-killed roots can be easily sliced with a knife, but after 
they have been dead for some time the steles become hard and glassy from 
hardening of the infiltrated pitch. Steles of smaller roots become trans- 
lucent because of heavy pitch infiltrations. The extreme point of advance 
of a lesion is commonly in the center of the stele. 


Fig. 1. A. Jeffrey pine sapling dying of the root disease in the immediate vicinity 
of a Jeffrey pine stump. B. Infection center in immediate vicinity of a Jeffrey pine 
stump: 1, a Jeffrey pine killed by the root disease; 2, a ponderosa pine dying of the root 
disease, the needles on the lower branches are yellow; 3, a seemingly healthy Jeffrey pine, 
but one of its roots is affected with the root disease. C. Two Jeffrey pines killed by the 
root disease, in the immediate vicinity of a ponderosa pine stump. B. Young Jeffrey and 
ponderosa pines, in the immediate vicinity of an old Jeffrey pine stump, killed by the root 
disease. 

Near the advancing margin of the lesion, the pitch infiltration sometimes 
is found more abundant in summer than in spring wood, accentuating its 
grain (Fig. 2, G2). 

The root systems of 20 affected trees were completely exposed by exca- 
vating the earth from around them. Some of the trees were dead or dying j 
others showed no external symptoms of the disease, but their roots were 
found to be affected. In every ease one, or more, of the roots of the affected 
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tree was in. close contact ■with either an old, dead root of the neighboring 
stnmp (Pig. 2, B), or with a diseased root of another affected pine (Pig. 2, 
P). In some cases both the infected and infecting root were in simple con- 
tact (Pig. 2, B), while in a few cases the former had grown around the latter 
in a half -clasping manner. Twelve of the 20 root systems were in contact 


Fig. 2, A. Root collar of dying ponderosa pine of figure 1, Bj wood was becoming 
pitch-infiltrated and exudate of whitish pitch was showing at lower left. B. Jeffrey pine 
root; Ij, in contact with dead root of ponderosa pine stump, 2. G, P. Same Jeffrey pine 
root as in B, cut open to show pitch infiltration. E. Saplings in vicinity of a Jeffrey pine 
stump : 1, seemingly healthy ponderosa pine j 2, ponderosa pine dying of the root disease ; 
3, seemingly healthy Jeffrey pine. F. Same saplings as in E: roots of 2, pitch infiltrated; 
lateral root of 1 infected, pitch infiltration extending nearly its entire length; the two 
small clasping roots of 3 had become infected and pitch -infiltrated. G. Jeffrey pine roots: 
1, showing pitch infiltration resulting from inoculation with Cunninghamella 6 months 
earlier at point indicated with arrow; 2, 3, 4, roots found infected in the forest — -heavy 
infiltration of pitch in summer wood of 2 accentuates grain of wood ; 3 and 4, hard and 
flinty because of infiltrated pitch ; 4, a translucent stele ; 5, a normal healthy J eff rey pine 
root. 
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with a root, or roots, of the stump ; 5 were in eontaet with diseased roots of 
affected pine trees, and 3 with roots of both the stump and diseased trees. 

In 6 observed cases only 1 root of the diseased tree was affected. In 4 
of these cases this affected root was in close contact with a root of the 
neighboring stump (Fig. 2, B), while in 2 eases the affected root was in 
close contact with an affected root of another diseased tree (Fig. 2, F). 
In 2 of the cases where only 1 root was affected the lesions were quite young, 
being about 2 in. long. These small lesions were found on the infected root 
at the point where it came in eontaet with the infecting root. 

Although only one root may be affected at first, the entire root systems 
were found involved in cases where the tree had died. The pitch-infiltrated 
condition extended throughout the entire root systems and up into the root 
collars (Fig. 2, A). In young trees up to 17 years of age, the pitch infiltra- 
tion extended from about 1 to 4 in. above ground level ; but, verbally, 
Wagener stated that it may extend a foot or so above ground level on dis- 
eased trees that are about 16 in. in diameter. 

Diseased trees may be found on one or more sides of a stump, or they 
may completely surround it. The trees nearest the stump usually become 
affected first j those farther away in the same radial direction later become 
successively affected (Fig. 1, B) ; this is not, however, an invariable rule. 

The heavy infiltration of pitch is apparently a physiological reaction, 
and, in some eases, the marked infiltration seems to have overcome the 
pathogen. In such instances the affected roots were hard and flinty. Other 
roots in the same root systems were unaffected, and these maintained the 
affected trees in apparently normal health. No fungus growth was obtain- 
able from the flinty, pitch-infiltrated parts, although microscopic examina- 
tion showed within them some mycelium. 

ECONOMIC IMPORTANCE OF THE DISEASE 

The disease affects Jeffrey and ponderosa pines, both of which are valu- 
able as timber trees. To date the number of trees killed has been small. 
Most of these were saplings. 

The majority of trees on the Laseo area are young; in spots, this growth 
is quite dense. When the disease becomes established in such areas (Figs. 

1, D, 2, B), where there is considerable interlocking of root systems (Fig. 

2, F), there is greater chance for infection and reinfection, so that the dis- 
ease might be able to wipe out all th§ Jeffrey and ponderosa pines on some 
areas. Should this happen, these areas would then probably become cov- 
ered with other kinds of plants not subject to the disease. 

As the trees on the area become older and the root systems more ex- 
tensive, other contacts will be made between the root systems of neighboring 
trees, so that there will be more opportunities for infection and reinfection. 

ISOLATION AND INOCULATION EXPERIMENTS 

Material from diseased roots of affected Jeffrey and ponderosa pines was 
plated out on potato-dextrose agar. Some of these roots were from trees 
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that had begun to fade ; others, though infected, were from trees that showed 
no aboveground symptoms. In most cases the root material was surface- 
sterilized by immei*sing for 5 to 8 min. in 1-1,000 HgCi 2 solution before 
plating. In some cases the root material was plated out after removing it 
aseptically from or near the advancing margins of the pitch infiltrations. 

At first, Ctinninghamella sp. and PenicilUum spp. were commonly iso- 
lated, but these fungi were given little attention, as it was assumed that 
they were secondary saprophytic invaders. Pyihium sp. was isolated from 
the cortical regions of 3 roots of a dying Jeffrey pine. Since several species 
oi Fythium are known parasites, this Pythmm sp. from the Jeffrey pine 
roots was tested for pathogenicity. 

J effrey pine seedlings, 4 months old, were first used to test the Pythium 
sp. P. S. Baker had grown them from seed at low elevation (Berkeley, 
California) and out of the natural range of the species the seedlings had 
been transferred to earthenware pots. 

Twenty of the seedlings were inoculated on Feb. 22, 1938, with a pure 
culture of Pythium sp. In making the inoculations, the cortex was scraped 
from the tap root of each seedling on an area approximately ^ in. square, 
exposing the stele. Several grains of wheat on which was growing a pure 
culture of Pythmm sp. were fastened with adhesive tape to the root at the 
scraped spot. Five seedlings were treated with sterilized wheat grains as 
cheeks. Within 30 days 8 of the inoculated and 2 of the check seedlings had 
died. In all eases there was necrosis of root tissue but no infiltration of 
pitch. Plate cultures of the diseased roots showed Fusarium spp. and 
Cylindrocarpon sp., but in no ease was Pythmm sp. recovered. 

Inoculations were next made on Jeffrey pine in the forest and under 
natural conditions. The Bed Kiver Lumber Company granted the writer 
use of an isolated tract of cutover timber land on its holdings at Nubieber, 
California, approximately 4,600 feet above sea level, and approximately 
50 miles due north of Lasco. The experimental trees were of the natural 
reproduction on the area. 

Ten roots on 10 healthy Jeffrey pine trees, 4-7 ft. high and 1-3 in. in 
diameter, were inoculated with a pure culture of Pythmm sp. on May 29, 
1938. To make the inoculations, a portion of a root was bared ; a hole about 
i in. in diameter and i in. deep was cut into the root with a pocket-knife. 
Several PytMm-infested grains of wheat were stuffed into the hole, and 
then covered with waterproof adhesive tape. Five additional roots were 
treated with sterilized wheat grains as controls. All treated roots were 
examined on October 2, 1938. No evidence of killing or pitch infiltration 
could be found, the holes made for inoculation purposes being nearly cov- 
ered over with a new growth of healthy tissue. Further experiments with 
Pythium sp. were not attempted. 

Isolation work from diseased root material from the Lasco area was 
intensified during the summer and fall of 1938: material being collected 
from widely-separated parts of the area. Material was collected from trees 
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that had begun to fade and from those whose roots were found affected, but 
whose aboveground parts showed no symptoms of the disease. Cunning- 
liaMella sp. was the only fungus consistently isolated from the affected 
roots, and it was recovered from over 100 trees from all parts of the area. 
The fungus was isolated from the cambial regions and from the steles, at 
the advancing margins of pitch infiltrations of affected roots. When young 
lesions were plated out it was obtained in pure culture. 

Eecalling Wright’s consistent isolation of one certain fungus from dis- 
eased root material, a culture of the Cunninghamella was referred to him. 
He pronounced the fungus identical with the one he had isolated in 1934. 

On August 7, 1938, the soil in 10 pot cultures of Jeffrey pine seedlings 
was inoculated by stirring into it a wheat-grain culture of Cunninghamella 
sp. Three check pot cultures of Jeffrey pine were inoculated with sterilized 
wheat grains. The seedlings were maintained at Berkeley during the course 
of the experiment. The plants were examined on December 18, 1938, and 
again on February 5, 1939, but no indications of disease could be found. 
The seedlings used were part of the lot received from Professor Baker and 
were 11 months old at the time of inoculation. In all subsequent inocula- 
tions the seedlings used were from this same lot. 

Fourteen seedlings were taken to Nubieber from Berkeley. On Septem-. 
ber 21, 1938, 10 of these were inoculated with a pure culture of Cunning- 
hamella sp. In making these inoculations, the cortex was removed from 
the tap-root of each seedling on an area approximately -J in. square. Sev- 
eral Cunninghamella-mle^tedi wheat grains were placed in the earth along- 
side these scraped spots. The 4 remaining seedlings were similarly treated 
with sterilized wheat grains as checks. The plants were examined on Octo- 
ber 16, 1938, and again on November 3, 1938, but no indications of disease 
could be found. On January 2, 1939, it was observed that 6 of the 10 inocu- 
lated plants were fading. Lesions were found on the roots of all 6 plants ; 
nearly all of the root system of each seedling being involved. The cortical 
regions were soft and dead, and the steles were turning brown, but there 
was no infiltration of pitch. The roots of the 4 remaining inoculated plants 
and 4 checks were examined. Smaller lesions were found on the roots of 
all plants, including the cheeks. All of the roots were surface-sterilized 
and plate cultures were made from them. Fusarium npp., Cylindrocarpon 
sp., Trichoderma sp. and Macrosporium sp. were isolated from both the 
inoculated roots and from the checks, hut no Ciinninghamella sp. was 
recovered. 

In February and March, 1939, 50 Jeffrey pine seedlings, years old, 
were inoculated with pure cultures of Cunninghamella sp. The tangential- 
slit method of Meinecke (5) was used in making these and all subsequent 
inoculations, unless otherwise stated. The earth was carefully removed from 
around the root selected for inoculation, the smallest particles being brushed 
away with a camel-hair brush. A slit about i in. long was made through 
the cortex. By carefully manipulating a curved-point scalpel through this 
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slit, a small pocket was made at one side of the slit between the cortex and 
the stele. A small fragment of a wheat grain, on wdiich w^as growing a pnre 
culture of Cunningkamella sp., was inserted into this pocket, which was 
then closed by pressing together the sides of the slit. In some of these 
inoculations the root was then wrapped with waterproof adhesive tape at 
the point of inoculation, but this wrapping w^as dispensed with in later in- 
oculations. Fifteen seedlings were treated with sterilized wheat grains 
as checks. 

Ten inoculated seedlings were removed from their pots and examined 
6 weeks after inoculation. Nine showed no symptoms, while the 10th showed 
a streak of yellowish pitch in the center of the stele, extending about an 
inch above and below the point of inoculation. Three cheek seedlings 
examined at the same time showed no symptoms. The 10 inoculated roots 
and the 3 cheek roots were all surface-sterilized and plated out. In all 
platings of inoculated material, a piece of root about f in. long, in the imme- 
diate vicinity of the inoculation slit, was discarded without plate culturing. 
No fungi were isolated from the cheeks or from inoculated roots showing no 
symptoms. The 10th inoculated root, which bore a pitchy infiltration, 
yielded a pure culture of Cunningliamella sp. up to a distance of about li 
in. both above and below the point of inoculation. 

Ten more inoculated seedlings and the 3 corresponding checks were 
examined 2 months after inoculation. Again the root of 1 inoculated seed- 
ling was pitch-infiltrated, whereas the roots of the remaining 9 inoculated 
seedlings and the 3 check roots showed no infiltration. A pure culture of 
Oiinninghamella sp. was recovered from the infiltrated root up to distances 
of about If in. both above and below the point of inoculation, whereas no 
fungi were isolated from the remaining 9 inoculated roots or from the 3 
check roots. 

The remaining 30 inoculated seedlings and the 9 checks were allowed 
to remain untouched, at Berkeley, until February 19, 1940. By this time 
none of the seedlings had died, and all w^ere to all appearances healthy. 
On February 19, 1940, the roots of 10 inoculated seedlings and of their 3 
checks were examined. Two of the inoculated seedling’s had old pitch streaks 
about 2 in. long in the centers of their tap roots, the streaks extending about 
an inch above and below the points of inoculation. The rest of the inocu- 
lated roots and the check roots had no such pitch streaks. All of the roots 
were surface-sterilized and plated FusuTiufyi spp. and VeTticilliuwj sp. were 
isolated from the pitch-streaked roots. No fungi were recovered from the 
other 8 inoculated roots or from the check roots. 

On February 9, 1940, 10 seedlings were inoculated at Berkeley with 
Cunningliamella sp. and 2 were treated with sterilized wheat grains as 
checks. These seedlings were now 24 yr. old. On March 3, 1940, 8 of 
the inoculated seedlings and the 2 check seedlings were examined. The 
inoculated tap roots of the 8 inoculated were infiltrated with a light- 
yellow pitch to a distance of about f in. both above and below the points of 
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inoculation. The 2 check roots showed no pitch infiltration. All of the 
roots were surface-sterilized and plated out. Ounni/nghamella sp. was re- 
covered from all 8 inoculated, pitch-streaked roots to a distance of about 
IJ in. both above and below the points of inoculation. No fungi were isolated 
from either of the check roots. The production of the typical symptoms of 
pitch infiltration, and the recovery of Gtcnninghamella sp. from the inocu- 
lated roots establishes this fungus as the organism causing the root disease. 
The two remaining inoculated roots were examined on May 25, 1940. 


TABLE 1. — Boots of Jeifrey pine seedlings inoculated at Berkeley ^ California, with 
Cunninghamella sp. 


Seed- 
lings ’ 

Indi- 


Bate 


Instances 

Instances 

age at 

viduals 

Checks 

Bate 

typical 

Cunninghamella 

time of 

inoeu- 

lated 

examined 

symptoms 

sp. 

inocu- 

lation 

lated 



produced 

reisolated 


Yr. 

Number 

Number 





1 

10a 

3 

8/ 7/38 

2/ 5/39 

0 


1 

10b 

4 

9/21/38 

1/ 2/39 

0 

0 

1-i 

i 10 

3 

2/ 4/39 

3/18/39 

1 

1 

u 

10 

3 

2/ 6/39 

4/ 6/39 

1 

1 

u 

10 

3 

^ 2/ 8/39 

2/19/40 

2 

0 

11 

10 

3 

2/14/39 

Roots not examined, seedlings examined 




superficially. 


10 

3 

3/ 4/39 

Roots not examined, seedlings exammed 




superficially. 

2i 

10 

3 

2/ 9/40 

f 8 on 3/ 3/40 
j 2 on 5/25/40 

8 

2 

8 

0 


^ Soil surrounding roots, and not roots themselves, inoculated with Cunninghamella sp. 
b Seedlings taken to Nubieber, California, for this experiment. 


The central portions of the steles, equivalent to the entire steles as of 
February 9, 1940, before the seedlings had commenced spring growth, were 
heavily infiltrated with pitch. The cambium of both seedlings had been 
killed next to the inoculation to distances of about -I in. both above and 
below, and -I in. on either side of the points of inoculation. The remaining 
healthy portions of cambium had remained normally active, so that thick 
layers of spring wood had been laid down since February 9, covering the 
pitch-infiltrated portions of the steles completely, with the exception of 
narrow creases on the inoculated sides, where the cambium had been killed. 
The new spring wood showed no signs of pitch infiltrations, and the seedlings 
were apparently healthy. Microscopic examination revealed mycelium in 
the pitch-infiltrated portions of the steles, but there was no mycelium in the 
new, spring tissue. Plate cultures were made from the roots. No fungi were 
isolated from either root, suggesting that the invading organism had been 
overcome by the pitch. 

Field inoculations by the tangential-slit method or by contact were made 
with Cunninghamella sp. on the experimental plot at Nubieber. 

Twenty roots on 20 separate J eff rey pines were inoculated with a pure 
culture of Cunninghamella the tangential-slit method on May 8, 1939. 
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Tlie trees ranged from 3 to 20 ft. in height and from 1 to 9 in. in diameter. 
Pour roots on 4 similar Je&rej pines were treated with sterilized wheat 
grains as checks. 

Ten of the inoculated roots and 2 check roots, examined on Sept. 9, 1939, 
showed an infiltration of pitch in each inoculated root to distances varying 
from 1 to 4-| in. both above and below the points of inoculation (Fig*. 3, 
A-B). There were no pitch infiltrations in either of the check roots. All 
roots were surface-sterilized and plate-cultured, the material plated from 
the inoculated roots being taken from the advancing margins of the pitch 
infiltrations. Cunninghamella sp. was recovered from all 10 inoculated 
roots, the recoveries being made from material up to 4i in. from the points 
of inoculation. No fungi were isolated from either of the check roots. 

The remaining 10 inoculated roots and the 2 check roots were examined 
on November 4, 1939. All 10 inoculated roots showed the typical pitch- 
infiltrated symptoms, while the 2 check roots showed no symptoms. The 2 
check roots and 8 of the 10 inoculated were all surface-sterilized and plate- 
cultured, the 2 remaining inoculated roots being used for dissection. Cun- 
ningliamella sp. was recovered from all 8 inoculated roots from tissue up to 
5|‘ inches both above and below the points of inoculation. No fungi were 
isolated from the check roots. The results obtained in this experiment again 
prove the pathogenicity of Cunninghamella sp. 

Boots of 6 ponderosa and 6 sugar pines on the Nubieber plot were inocu- 
lated with Cunninghamella sp. on May 14, 1939. Boots of 2 trees of each 
species, subjected to sterilized wheat grains, served as controls. The trees 
used were from 3-7 ft. tall and from 1-4 in. in diameter, for both species. 
All roots were examined on September 24, 1939. The cheeks of both species 
and the 6 inoculated sugar-pine roots showed no symptoms, but the 6 inocu- 
lated ponderosa pine roots showed the typical pitch infiltrations, extending 
both above and below the points of inoculation to distances of about 3 in. 
Cunninghamella sp. was recovered from the advancing margins of the pitch 
infiltrations in all 6 of these latter cases, again proving the pathogenicity of 
the fungus. 

On May 21, 1939, Cunninghamella sp. was inoculated into the bases of 
6 Jeffrey pines at points about 1 in. above ground level, the trees being from 
3 to 8 ft, tall and from 1-4 in. in diameter. The tangential-slit method of 
inoculation was again employed, the wrapping with adhesive tape being 
dispensed with. Three similar trees were treated with sterilized wheat 
grains as controls. All trees were examined on November 5, 1939, but no 
symptoms were observed either on the inoculated bases or on the checks. 

The roots of 6 white firs and 6 incense cedars (Lihocedrus decurrens 
Torr.) were inoculated with Cunninghamella sp. on May 21, 1939. Boots 
on 2 trees of each species were treated with sterilized wheat grains as cheeks. 
The trees treated ranged from 3 to 6 ft. in height and from 1-3 in. in diame- 
ter for both species. All roots were examined on November 11, 1939, but 
there were no infiltrations of pitch or evidence of lesions on either the inocu- 
lated roots or on the cheeks. 



Fig. 3. Jeffrey pine root inoculated at point 1 with a pure culture of the Cunning- 
hamella. B. Same root as in A cut open 4 months after inoculation and showing typical 
symptoms of pitch infiltration. C. Two sections of ponderosa pine roots: 2, inoculated 
the CunningJiamella and placed in contact with a healthy, uninjured Jeffrey pine root 
1. B. Same Jeffrey pine root as in C, cut open 5i months after inoculation and showing 
typical symptoms of pitch infiltration. E. Longitudinal tangential section from advanc- 
ing margin of pitch infiltration in Jeffrey pine root inoculated with the Cunninghamellaj 
showing mycelium of the fungus in tracheids and ray cells, x approx. 81. F. Oonidio- 
■phore of CunningJiamella meinec'kella, x approx. 162. G. Seven-day-old culture of 
CunningJiamella meinedkeUa on potato-dextrose agar. 
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Some experiments were undertaken, to test the ability of the fungus to 
cause infection through contact. Sections of healthy roots from 4-6 in. 
long and from |-f in. in diameter were placed in 500-ce. Brlenmeyer flasks. 
One hundred ee. of water was added to each. The flasks were then plugged 
and autoclaved 1 hr. at 20 lb. pressure. Flasks containing root sections of 
Jeffrey, ponderosa, and sugar pine, incense cedar, and white fir were thus 
prepared. Pure cultures of Cunninghamella sp. were then introduced into 
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tliese flasks. Additional flasks containing sterilized, noninocnlated root 
sections were prepared as checks. About a month later there was abundant 
mycelium on the inoculated root sections ; and these were then used to make 
contact inoculations. It should be borne in mind that the growth of C'lm- 
ninghamella sp. on all of these root sections was strictly saprophytic. 

The contact inoculations were made on the Nubieber plot on May 28, 
1939, The trees — Jeffrey pines — ^varied from 4 to 10 ft. high and from 1^ 
to 4 in. in diameter. The roots inoculated varied from f to IJ in. in diame- 
ter. To make a contact inoculation, either one or two Cunninghamella- 
inoculated root sections were placed in close contact with, but were not fast- 
ened to, a healthy, uninjured root (Fig. 3, C). For a check, a sterilized, 
noninocnlated root section was placed in close contact with a healthy root. 
Two Jeffrey roots were contact-inoculated with Cunninghamella-inomldited 
root sections of ponderosa pine, and a check was made with another Jeffrey 
root and a noninoculated ponderosa root section. Two more Jeffrey pine 
roots were contact-inoculated with Cunnmghamella-inomls.ted root sections 
of Jeffrey pine, and a cheek was set up with another Jeffrey root and a non- 
inoculated Jeffrey root section. Two more Jeffrey pine roots were contact- 
inoculated with GunningJiamella-inomleited root sections of sugar pine, and 
a cheek was set up with another Jeffrey pine root and a noninoculated sugar 
pine root section. Two more Jeffrey roots were contact-inoculated with 
Ciinninghamelladnoeulsited root sections of white fir, and a check was set up 
with another Jeffrey root and a noninoculated white fir root section. Two 
more Jeffrey pine roots were contact-inoculated with Cunninghamella- 
inoculated root sections of incense cedar, and a check was set up with another 
Jeffrey pine root and a noninoculated incense cedar root section. 

All treated roots were examined on November 5, 1939. There w^ere pitch 
infiltrations in all 10 Jeffrey pine roots that had been contact-inoculated with 
Ctinninghamelladnomlsited root sections. This infiltration of pitch ex- 

TABLE 2. — Boots of coniferous saplings inoculated in the forest at NuMeher, Cali- 
fornia, with Cunninghamella sp. 


Conifer 
inoculated 
(slit method 
unless noted) 


Jeffrey pine ....... 

Ponderosa pine 

Sugar pine 

Jeffrey pineb 

White dr 

Incense cedar 

Jeffrey pinec 


No. 

indi- 

viduals 

inocu- 

lated 

No. 

checks 

Bate 

inocu- 

lated 

Date 

examined 

, 

In- 

stances 

typical 

symp- 

toms 

pro- 

duced 

20 

6 

6 

6 

6 

6 

10 

4 

2 

2 

3 

2 

2 

5 

5/ 8/39 . 

5/14/39 

5/14/39 

5/21/39 

5/21/39 

5/21/39 

5/28/39 

f 10 on 9/ 9/39 

1 1 10 on 11/ 4/39 
' 9/24/39 

9/24/39 
11/ 5/39 
11/11/39 
11/11/39 
11/ 5/39 

10 

10 

6 

0 

0 

0 

0 

10 


In- 
stances 
Cunning- 
hamella 
sp. reiso- 
lated 


XV ivvuo JJlctlCU OUL. 

Inoculations made into bases of saplings. 
Root-contact inoculations. 
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tended from ^ to 2 in. both above and below the points on the Jeffrey pine 
roots where they had been in contact with the Cunninghamella-moQvlQXQ^ 
root sections (Fig. 3, D). Cunninghamella sp. was reisolated from the 
advancing margins of the pitch infiltrations as much as 2 inches from the 
points of contact. No pitch infiltrations were found in any of the 5 Jeffrey 
pine check roots. This experiment proves that the disease can be spread by 
root contacts. 

MYCELIUM IN DISEASED ROOT TISSUE 

Root material from the advancing margins of the pitch infiltrations was 
first surface-sterilized in preparing it for microscopic examination. Each 
piece was then split longitudinally through the pitch infiltration, one half 
being plated out and the other half being fixed in alcohol-formalin-acetic 
acid fixative No. 1, as outlined by Rawlins (7). If the portion plated 
yielded a pure culture of the Cunninghamella^ its corresponding half was 
sectioned. Sections were made free-hand or with a sliding microtome with- 
out imbedding. The sections were treated with xylol to remove the pitch, 
which would otherwise mask the mycelium. 

The sections were examined after staining by Cartwright’s method (7). 
The hyphae of the Cunninghamella are commonly found in cambium cells, 
ray cells, and tracheids, where they occur in the cell lumina. They are 
branched, of variable diameter, and coenocytic when young, becoming spar- 
ingly septate with age. At first hyaline, they become brownish later. They 
commonly pass through the bordered pits (Fig. 3, E), but penetrate the cell 
wall directly when passing from one living cell to another. 

THE CAUSAL ORGANISM 

The pathogen has been identified by the writer as a species of Cunning- 
hamella. 

The described species of the genus Cunninghamella have been found liv- 
ing saprophytically on a variety of substrata. Several species have been 
isolated from soil samples (1, 3, 6) ; others have appeared in laboratories as 
agar contaminants (1). Matruchot (4) found C. af ricana livmg sapro- 
phytically on dried camel dung in the French Sudan. Saccardo (8) ob- 
served C. aTbida on dead roots of lemon trees. Some species have been found 
growing saprophytically on dead botanical specimens, especially on material 
from the tropics (2, 9). A review of literature on the genus Cunningham- 
ella uncovers no previous report of pathogenicity in this genus. 

The species of Cunninghamella causing the root disease of Jeffrey and 
ponderosa pines is a minute form, being much smaller than any described, 
with the exception of C. microspora (Rivolta) Matruchot (1). It has not 
been possible to obtain a culture of C. microspora, i\m species seeming to be 
out of culture, so that no direct comparison of the two fungi can be made. 
The available description (1) of C. microspora is meager and affords only a 
few points for comparison. The size of the eonidiophore heads and the 
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width of the spores are approximately the same for both fungi. The spore 
walls of the pine-root Ciinninghamella are smooth, whereas those of C. micro- 
spora are finely papillate. The eonidiophore heads of the pine-root Cun- 
ninghamella are sterigmatate ; those of C. microspora are minutely papillate. 
No parasitism is reported for C. microspora. Since it is not possible to 
identify the pine-root Cimninghamella as one of the described species, the 
name Cunninghamella meineckella sp. now, is proposed, in honor of E. P. 
Meinecke, pioneer forest pathologist of California. The description of the 
fungus follows. 

Cunninghamella meineckella sp. iiov. 

Mycelium patens, caespem subtileiii formans, hypliarum ramis intertextis, ebiirueum, 
in aetate fuseum; liyphae aseptatae, in aetate paree septatae, diametro variabiles, 
praecipue 2.1-5.7 p, medio circa 3.6 p ; conidiopliora erecta, simplicia, aseptata, in aetate 
septata, longitudine variabilia, 57.5-402.5 p, medio circa 250 p, diametro 4.8-7.9 p, medio 
circa 6.0 p; conidiopliorum capitula rotunda, diametro 9.3-21.2 p, medio circa 16.5 p, 
sterigmata 2.3-4.6 p longa, praecipue 25 p, unisporiata ; sporidia hyalina, parietibus 
laevibus, obovata, basaliter subapieulata, 4.5-7.2 p x 5.3-li.l p, medio circa 5.6-8. 0 p. 

Hab. in radicibiis atque in regionibus ad can dices transitionalibiis Pini jeffreyi Mur. 
et Pini ponderosae Dougl. 

For the convenience of mycologists, the type specimen has been depos- 
ited with the University of California Herbarium, Berkeley, California. 

Cunninghamella meineckella is moderately slow-growing; when diseased 
root material is jilated out, from 5 to 10 days frequently elapse before the 
mycelium can be seen growing out of the root material. 

A test was made to determine the growth-temperature relationship for 
this fungus. Cunninghamella meineckella was planted on the centers of 
potato-dextrose agar plates, and incubated at 0.1 to 36.8 degrees Centigrade 
at approximately 3-degree intervals. The temperature was checked at 
8-hour intervals. The cultures were run in triplicate and the diameters of 
the fungus colonies were measured at the end of 9 days. The results are 
as follows : 


Temperature in °C . 

... 0.1 

3.0 

6.3 

10.0 

13.0 

16.0 

Average diameters of colonies in cm 

... 0.0 

0.0 

0.37 

0.95 

2.0 

2.15 

Temperature in ®C. 

... 22.0 

25.5 

28.2 

30.8 

33.2 

36.8 

Average diameters of colonies in cm. 

... 8.2 

9.0 

4.35 

1.1 

0.3 

0.0 


At the end of two weeks, colonies averaging 0.3 cm. in diameter were 
found on the plates held at 3.0°, but no growth was found on the plates 
held at 0.1° nor on those held at 36.8°. At the end of 4 weeks, colonies aver- 
aging 0.2 cm. in diameter were found on the plates held at 0.1°, but no 

growth was found on the plates held at 36.8°. 

SUMMARY 

A disease of Jeffrey and ponderosa pines on a cutover forest area at 
Laseo, Lassen County, California, induces an infiltration of pitch in diseased 
roots and root collars, and may ultimately result in the death of affected 
trees. 

The disease, to date, has been of little economic importance. 
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Diseased trees always are found in the immediate vicinity of old stumps. 
Affected root systems are in contact either with roots of the stumps or with 
diseased roots of other affected trees. 

A species of Ciinninghamella was consistently isolated from diseased 
roots. 

Inoculations of this species of Cunningkamella into roots of Jeffrey pine 
seedlings up to 1 yr. of age produced no infection that could be attributed 
to this fungus. Inoculations into roots of seedlings 1| years old produced 
the typical symptoms in 2 cases out of 20 inoculations, and the fungus was 
reisolated from the diseased roots. Inoculations into roots of seedlings 2-| 
years old produced the disease in 100 per cent of the roots inoculated. 

Inoculations of this species of CunningJiaMella into roots of Jeffrey and 
ponderosa pine saplings in the woods produced the disease in 100 per cent 
of the roots inoculated. Inoculations of the fungus into roots of sugar pine, 
white fir, and incense cedar saplings failed to produce the disease in any of 
the inoculated roots. 

Contact inoculations in the woods on Jeffrey pine saplings produced the 
disease on 100 per cent of the roots inoculated, proving that the disease can 
be spread by root contacts. 

The fungus causing the root disease is described as Cunninghamella 
meineckeUa sp. nov. 

The optimum growth temperature for this fungus ranges from 22.0 to 
25.5° C. Slow growth takes place at the minimum of 0.1°, and there is 
some growth at 33.2°, but none at 36.8° C. 

Division OF Plant Pathology, 

University of California, 

Berkeley, California. 
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THE PEOBABILITY LAW IN COTTON SEEDLING DISEASE 


K. Starr Chester 
(Accepted for publication April 4^ 1941) 

INTRODUCTION 

The study of seedling disease or damping-off lias engaged the attention 
of numerous investigators particularly during the past decade. It is patent 
that these studies have been fruitful/ especially as regards the practical 
accomplishment of damping-off control by seed treatments. Attention also 
has been given to certain theoretical aspects of the damping-off problem. 
The findings include the following principles : 

1. The treatment of seed with suitable disinfestant chemicals under most 
conditions results in a decrease in seedling disease and consequent increase 
in the percentage of seedling survival. 

2. Such chemicals may operate by destruction or inhibition of pathogens 
on the seed surface (exclusively so in the case of formaldehyde, for exam- 
ple), or by destruction or inhibition of pathogens in the soil adjacent to the 
seed, or by a combination of the two processes. 

3. The treatment of seed with corrosive agents, such as concentrated 
sulphuric acid, may result in a decrease in seedling disease by shortening 
the period of susceptibility, alone or in addition to seed-surface disinfes- 
tation (2). 

4. The benefits of seed treatments are most pronounced at medium levels 
of infection potential, and progressively decrease as the infection potential 
approaches extremely high or extremely low levels (3). 

5. In general, the dust treatments are more effective against seed-borne 
pathogens, than against strictly soil-borne seedling pathogens, such as 
Ehizoctonia (4). 

In virtually all of the seedling-disease studies, the investigators have 
recorded the total percentages of seedling survival or the yields of unit 
areas, and used these values in determining the practical effects of seed 
treatments. In the present study of damping-off in cotton, attention has 
been focussed on the law of probability as it relates to the survival of seed- 
lings at various infection potentials. With this approach it has been pos- 
sible to arrive at certain interpretations of the behavior of seedlings and 
the functions of disinfestants that are not apparent when the more custo- 
mary methods of analysis are used. The results have been previously 
summarized (1), 

MATERIALS AND METHODS 

This study is largely a by-product of the 1939 and 1940 uniform cotton 
seed-treatment tests carried on at the Oklahoma Agricultural Experiment 
fetation farm at Perkins, Oklahoma, in cooperation with the other southern 
experiment stations, under the auspices of the Cotton Disease Council. In 


1078 


1941] 


Chester : Probability Law in Cotton Disease 


1079 


addition to tlie nontreated, delinted, and Ceresan-treated seed provided for 
the uniform tests, seed of Oklahoma provenience was used and the treat- 
ments were extended to include acid delinting, followed by flotation-grading, 
and, in 1940, by subsequent Ceresan treatment. Five plantings were made 
at various dates, each planting consisting of 20 seed types x 4 replications 
of 50-foot rows x 2 planting rates (5 seeds per hill and 2 seeds per hill, with 
10'' spacing between hills). The seedling counts were made about 10 days 
after emergence, and, in addition to recording the total number of surviving 
seedlings per row, a record was kept of the number of surviving seedlings 
in each hill. The latter data were required for a study of the probability 
of seedling emergence. In addition, a few greenhouse experiments were 
performed using the same types of seed in a partially controlled envi- 
ronment. 

CALCULATION OF THE PROBABILITY OF EMERGENCE 

The point of departure of this study was the question : Does each dis- 
eased seedling behave as a discrete unit, with no injurious effect on adjacent 
seedlings, or does the presence of a diseased seedling in a hill operate to 
endanger and destroy adjacent, otherwise normal, seedlings? If each dis- 
eased seedling is an independent unit there should be a normal or random 
distribution of seedling failures among the hills. If, on the other hand, the 
diseased seedling is a hazard to adjacent seedlings, the random distribution 
would no longer obtain, but there would be a skewness in the distribution 
curve, resulting from an excessively large proportion of hills with more 
seedling failures than are consistent with a normal distribution. 

If 30 per cent of the seedlings in a given block of 100 hills proved defec- 
tive, it was assumed that, with a normal distribution, there would be as many 
hills with 5, 4, 3, 2, 1 , or 0 defective seedlings as there would be boxes with 
5, 4, 3, 2, 1, or 0 black balls if a thoroughly mixed collection of 500 balls, 
70 per cent of which are white and 30 per cent black are distributed at 
random in 100 boxes, 5 balls to the box. 

The mathematical formula applying to this case is obtained by expansion 
of the binomial equation as follows : If the number of hills = x, seeds are 
planted at the rate of 5 per hill, the resulting successful emergence is y 
per cent (y/ 100 ), and the number of seedlings emerging in any given 
hill = z, then: 

If z = : The number of hills with z seedlings will be: 

5 1 - (y/ 100 )^-x 

4 5- (y/100)^* (100-y/100)^-x 

3 10- (y/100) ^ • (100 -y/100) 2 - x 

2 10 - (y/ 100 ) 2 - (100-y/100)3*x 

1 5 * (y/ 100 ) ( 100 -y/ 100 )" - x 

0 1 - ( 100 -y/ 100 )^-x 

To simplify calculation, the curves for the values 3 ^ = 0, 10, 20, . . . 
100 were plotted as in figure 1 , and intermediate values of 3 ^ could then be 
measured on the curves. 
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Using values thus obtained it becomes possible to plot curves showing 
the probable f requency of hills yielding 5, 4, 3, 2, 1, or 0 healthy seedlings 
when the gross emergence percentage is any given value. This yields the 
family of curves illustrated in figure 2. The bell-shape, normal frequency 
curve applies when emergence is 50 per cent, and with departures from that 
value in either direction the curve is correspondingly skew. 



If we now consider a given planting and observe, for example, that 80 
per cent of the planted seeds have successfully emerged, according to the 
curve in figure 2, approximately 36 per cent of the hills should show 5 nor- 
mal seedlings, 40 per cent should have 4, 20 per cent should have 3, 4 per 
cent should have 2, and none of the hills should have 1 or 0 healthy seed- 
lings. Turning then to the emergence counts it is possible to plot on the 
same axes the percentage of hills of each type actually obtained. The two 
curves will either coincide or fail to do so. This procedure was followed in 
the case of each seed type in each planting. The following section deals 
with the results obtained and their interpretation. 
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EXPERIMENTAL RESULTS AND INTERPRETATION 

Tile second planting of 1939 was followed by weather conditions admir- 
ably adapted to cotton seedling development, all plantings yielding good 
stands with 50-78 per cent of the seeds producing healthy plants. Figure 3 
presents the results of emergence, expressed as percentages of hills with 5, 
4, 3, 2, 1, or 0 seedlings (solid line) in comparison with the expected random 
distribution of hills of each class (dotted line). 

The curves illustrate that in this instance a regular and close agreement 
was obtained between the observed and the calculated values. All of the 
seed lots were infested with cotton-seedling pathogens, and half of them 



Eig. 2. Tlie calculated probable percentage of hills containing 5, 4, 3, 2, 1, or 0 
seedlings when the seeds are planted 5 per hill and display certain given percentages of 
emergence. 

were treated with Ceresan, which kills or inhibits such organisms on the 
seed surface. In no case is there an important deviation between calculated 
and observed values. There is no such deviation if treated seed are com- 
pared with nontreated, or if any one seed lot is compared with any other. 

These data permit two conclusions: (a) the agreement of the curves 
shows that the probability distributions derived from expansion of the 
binomial equation are applicable to analysis of seedling emergences in the 
field; (b) that the distribution of seedling failures is a random distribution 
indicates that, in this experiment, diseased seedlings are not proving a haz- 
ard to nearby healthy seedlings, since such an effect would produce a higher 
proportion of hills with 1 and 0 seedlings and a correspondingly lower pro- 
portion of hills with 2 and 3 seedlings. 

The third planting of 1939 was followed by cool, moist conditions, less 
favorable for cotton-seedling development. The field emergences varied 
between 14 per cent and 76 per cent (Fig. 4). 
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It is obvious that in this case there is no such close agreement between 
the calculated and observed emergence distributions as occurred in the sec- 
ond planting. Moreover, the observed values all depart from the calculated 
ones in the same manner, ie., there is a greater proportion of hills with 5 
health}^ seedlings and of those with no seedlings, and a corresponding 

COOP CtUSAH ^ TESTS 193? 

S ECO H P P LA N T 1 n C 

PUCEHT OF HILLS WITH 5 , 4 , 3 , 2 , 1 , 01.0 SCEPLIHOS 
I o' 



Pfircentages of hiUs with 5, 4, 3, 2, 1, or 0 seedlings in cotton planting under 
relatively low disease potential. Dotted lines give values obtained by calculation ; solid 
lines gives values obtained from field counts. 

smaller proportion having intermediate numbers of seedlings than is con- 
sistent with a normal distribution of seedling failures. The same seed lots 
were used in both plantings, including lots that were heavily infested with 
such virulent pathogens as the anthracnose organism, and lots that were 
presumably free of surface infestation after Oeresan treatment and that 

showed high laboratory germination percentages. 

A study of figure 4 shows that the deviation from normal distribution 
IS not peculiar to any type of seed. The type of deviation indicated occurs 
uniformly in treated and nontreated seed, and in heavily and lightly in- 
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fested seed. This planting also included a lot of Oklahoma seed that had 
been acid-delinted and graded by flotation. This seed lot (“Oklahoma 
heavy” in Fig. 4) was essentially free of any external or internal infesta- 
tion. Laboratory germination tests of this lot had repeatedly yielded 99 
per cent or 100 per cent healthy germination. Yet, this disease-free seed 
lot showed the deviation from the normal distribution to the same extent 
and in the same manner as the other types of seed. If the results of this 
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Fig. 4. Percentages of hills with 5, 4, 3, 2, 1, or 0 seedlings in cotton planting under 
conditions favorable for rhizoetonia infection. Dotted lines give values obtained by 
calculation j solid lines give values obtained from field counts. 

experiment are expressed pathologically : (a) regardless of the presence or 
absence of seed infestation, if as many as 2 seedlings in a hill were .failures, 
such failure extended to include one or more of the potentially healthy seed- 
lings in that hill ; and (b) this hazard occurred in all seed types under one 
set of environmental conditions, and was absent from all seed types in 
another environment. There are various possible explanations of this 
behavior, most of which can be exelnded by the available evidence. 
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It might be assumed that the abnormally high percentage of hills with 
no surviving seedlings is due to the ‘^all or nothing’/ character of field acci- 
dents. Entire hills, as such, are wiped out by careless cultivation, by the 
misstep of a mule, or by the feeding of rodents on sprouting seed. But such 
accidents would affect hills of all classes equally, and not be largely re- 
stricted to the hills with 2 and 3 successful seedlings, failing to affect those 
with 5 seedlings, as is true in the present instance. Moreover, such field 
accidents would not normally affect all plantings in some experiments and 
none in others. Field accidents may thus be eliminated as the principal 
explanation of the deviations in distribution. 

There is the remaining possibility that these deviations are due to the 
development of seedling disease in a non-normal distribution, i.e., in such 
a way that the loss of 2 or 3 seedlings in a hill predisposes that hill to further 
loss. Such seedling disease might arise from external or internal seed in- 
festations or from a soil-borne infestation. Either type of seed infestation 
may be eliminated as cause for the deviation because it is observed to equal 
extent in nontreated and treated seed, in noninfested, lightly infested, and 
heavily infested seed, in delinted, as well as fuzzy, seed, in both the inter- 
nally infested floating fraction, and the disease-free sinking fraction of 
delinted seed, and in seed with good germination as well as that which 
germinates poorly. 

There remains the possibility that the preponderance of total failures 
in hills originally containing 2 or 3 diseased seedlings is due to soil-borne 
seedling disease. Were this the case, the deviation from normal should be 
uniformly evident on all types of seed under environmental conditions favor- 
ing soil-borne infection, and uniformly lacking from all seed types under a 
more favorable environment. This is the observed fact. The deviations as 
seen in figure 4 occurred equally in all seed types in the third planting of 
1939 and in both plantings of 1940, while they were absent from all seed 
types in the second planting of 1939, and occurred to only slight extent in 
all seed types of the first planting of that year. 

This interpretation is borne out by the results of isolations from dis- 
eased seedlings of these plantings, which yielded the exclusively soil-borne 
pathogen RJmoctonia solani Kiihn as the predominating organism asso- 
ciated with the seedling disease. That rhizoctonia attacks are of an ‘'all 
or nothing” nature is a matter of common observation, the disease regularly 
occurring in spots of varying dimensions, in which all plants in the spot are 
destroyed. In the ot Rhizoctonia the presence of a diseased seedling, 
marking the advance of the fungus in the soil, is clearly a hazard to adjacent 
seedlings. Attack by Rhizoctonia would, then, produce the deviation in the 
distribution of diseased seedlings of the type observed in figure 4, with an 
excessive proportion of hills that are total failures. 

Prom the preceding analysis it was indicated that: (a), under favorable 
field conditions with a minimum of rhizoctonia attack, seedlings from in- 
fested seed did not prove hazardous to adjacent seedlings from healthy 
seed ; and, (b), under field conditions marked by rhizoctonia activity, there 
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was an excessive number of seedling failures in the poorer hills, related to 
the rhizoctonia attack, but unrelated to seed infestation. Further experi- 
ments were undertaken in order to obtain additional evidence on these 
questions. 

Ill an attempt to observe directly the effect of a diseased seedling on an 
adjacent healthy one, pots of sterile soil were planted, each with a ^'healthy ’’ 
and a ‘^diseased’’ seed, with suitable controls; and this was followed by 
observation of the percentage of healthy emergence of the ^‘healthy’’ seed 
in presence and absence of diseased^’ seed. The healthy’’ seed was acid- 
delint ed and graded by flotation, to give a fraction that regularly showed 
99 per cent or 100 per cent healthy germination in blotter tests. In one 
experiment the diseased” seed consisted of the floating fraction after de- 
linting, pregerminated for 2 days, followed by selection for appearance of 
fungous or bacterial infection. A second experiment was similar to the 
first, except that the pregermination and selection were omitted. In a third 
experiment the ‘‘diseased” seed had been inoculated with a suspension of 
spores of Fiisarium moniliforme Sheld. under vacuum before planting. 
Each experiment consisted of 600 pots each with a “healthy” seed alone, 
600 pots each with a “diseased” and a “healthy” seed, and 300 pots each 
with a “diseased” seed alone. 

In the first experiment the “healthy” seed alone produced 97.3 per cent 
healthy seedlings, while in the presence of “diseased” seed the “healthy” 
seed produced 93.1 per cent healthy seedlings. In the second experiment 
the emergence dropped from the control value of 97.7 per cent to 95.3 per 
cent and in the third, from 92.0 per cent to 89.0 per cent in the presence 
of diseased seedlings. These results indicate that the “diseased” seed had 
only a slight and barely significant effect in lowering the germination of 
adjacent “healthy” seed, in the absence of primary infestation. 

The remaining experiments, in greenhouse and field involved planting 
of various numbers of partially diseased seed in close contact, on the assump- 
tion that the effect of contact of a diseased seed with healthy seed would be 
progressively greater as the number of adjacent seeds increases, thus in- 
creasing at a logarithmic rate the opportunities for such contacts. Three 
experiments were performed in the greenhouse, each consisting of 203 seeds 
planted 1 seed per pot, 210 seeds at 2 per pot, 196 seeds at 4 per pot, 210 
at 6 per pot, 224 at 8 per pot, and 210 at 10 per pot. In one test the seeds 
were acid-delinted without further treatment, in a second only the floating 
fraction of delinted seed was used, and in a third, 33 per cent of the seed 
had been artificially inoculated with spores of Fusarnm moniliforme under 
vacuum before planting. The results of these tests are given in table 1. 

In no case is there a progressive decrease in emergence with increased 
numbers of adjacent seeds. These experiments are consistent with the pre- 
ceding experiments in indicating little or no effect of the diseased seed in 
lowering the emergence of adjacent healthy seedlings under rhizoctonia-free 
conditions. 

Finally, similar observations were made in the field plantings of 1939 in 


1086 


Phytopathology 


[VoL. 31 


comparing plantings made at the rate of 5 seeds per hill (10 possible com- 
binations of a diseased and a healthy seed) with those at the rate of 2 seeds 
per hill (only 1 such combination possible). A disease-infested lot of gin- 
run seed was used. This was divided into 4 types of seed : nondelinted, aeid- 
delinted but nongraded, floating fraction of delinted seed, and sinking frae- 

per effeei of healthy and diseased seed planted in various mmhers 


Experiment 


Exp. 4 

Delinted seed, not fractionated . 


Exp. 5 

Delinted seed, lighter fraction 


No. seeds per pot 


Exp. 6 

Delinted seed, inoculated with 
Fusarium moniUforme 


1 

2 

4 

6 

8 

10 

1 

2 

4 

6 

8 

10 


1 

2 

4 

6 

8 

10 


Percentage 
of emergence 


80 

78 

77 

78 
78 
77 

75 

70 

68 

73 

72 

70 


73 

83 
82 
80 

84 
81 


type ’^as planted on each of 2 planting dates 
m 4 SO-foot rows of 60 hills at the rate of 5 seeds per hill and in 4 50-foot 
rows at the rate of 2 seeds per hill. In each case the percentage of emer- 
gence of the seedlings in hUls of 5 was approximately equal to that of the 
seedlings m hills of 2. When the values : 

Percenta ge of healthy emergence a t 2 seeds per hill 
Percentage of healthy emergence at 5 seeds per hill ^ 
for all types of seed, were totaUed and averaged, the result was 98 per cent 
mdieatmg that the seeds planted at 5 per hill emerged at an even hi-her 
rate than those planted 2 per hill, a result slightly, but probably not si4ifi! 
candy, in favor of the seed where the greatest number of disease contacts 
would have occurred. The disease-infested “light” fraction of the lee^ 

showed no greater effect of the tyne snuffpsted thar, . 

“heavv” rpu suggested than did the disease-free 

Y . experiment thus confirms the preceding ones in 

affordmg no indiotton tiat the diseased seeds eiert any appreekUe LmM 
tory aetion on emergence of hedthy seeds in the same hSf 

discussion 

investigators of the Cotton Disease Council 
at there are notable differences in the effect of Ceresan seed treatment in 
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Texas and Oklahoma as compai’ed with the eastern part of the cotton belt. 
Each year the uniform seed-treatment tests have shown a more striking 
advantage with Ceresan in the eastern States, where the seed-borne Glomer- 
ella gossypii (South,) Edg. and Fusarium moniliforme are the principal 
agents of seedling disease; while in Oklahoma and Texas, where the soil- 
borne Bhizoctonia is the most prevalent seedling pathogen, acid-delinting 
of cotton seed is more advantageous than Ceresan treatment. The findings 
of the present study aid in interpreting this fact. 

Ceresan might conceivably benefit the cotton seed either by protecting 
an uncontaminated seedling against infection from adjacent infested seed- 
lings or by giving it such protection from infested soil. Since, in the f ore- 
going experiments, no essential difierence was seen between heavily infested 
seed, Ceresan-treated seed, and noninfested seed in the deviation from nor- 
mal diseased-seedling distribution, one may conclude that the effect of 
Ceresan in protecting seedlings against rhizoctonia infection in neighboring 
seedlings is a negligible one. But, under southwestern conditions, Ceresan 
does increase healthy emergence, at times to a limited extent, at other times 
in a more striking fashion. Moreover, this beneficial effect of Ceresan is 
seen when the seeds to be treated are acid-delinted, already free of infesta- 
tion. It is concluded that the effect of Ceresan is primarily on the seedling 
from the treated seed itself, and effective against either surface-seed-borne 
infestation or primary soil-borne infestation, but that it is not effective 
against plant-to-plant spread of Bhizoctonia in the soil. This conclusion is 
in agreement with that of Lehman (4) who found, as a result of trials in 
soil inoculated with Bhizoctonia that: . . so far as final stands of seed- 

lings are concerned, organic mercury dust applied to cotton seed before 
planting may be of little, if any, value as a protectant against Bhizoctonia 
in the soil. Its protective action against fungi carried on the seed is not 
questioned.’^ 

There is an important need for further development of chemical means 
of protection of cotton and legume seed under the conditions of rhizoctonia 
infestation prevalent in the Southwest. A desirable fungicide for this pur- 
pose appears to be one that volatilizes over a relatively long period. How- 
ever, the efficacy of such a fungicide is inversely proportional to the length 
of time required for seedling development, and favorable results with 
Ceresan-treated, acid-delinted cotton seed in rhizoctonia-infested soil indi- 
cate that the shortening of the seedling stage by delinting reduces the 
necessity of a long period of volatilization in the fungicide, thus increasing 
the efficiency of Ceresan. 

In the case of seed-borne infestation, it has been seen that the infection 
of a seedling is not hazardous to adjacent seedlings. This has a bearing 
on the planting value of partially infested seed. If such a hazard did 
exist, seed that exhibits 80 per cent healthy germination would not be 80 
per cent as productive as seed that germinates 100 per cent, since the 20 
per cent of diseased seed would, in turn, lead to the destruction of numerous 
adjacent seedlings from the 80 per cent healthy seed, thus lowering the field 
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gerniinatioii, and, lienee, the planting value to a point below 80 per cent of 
the pure seed. But since this hazard does not exist, the market value of 
seed for planting purposes may be considered proportional to its laboratory 
germination results, other factors being equal. 

SUMMARY 

A mathematical analysis was made of the survival of cotton seedlings, 
in field and greenhouse, under various conditions of attack by Glomerella 
gossypiiy Fusarium moniliformey RMzoctonia solani, and other seedling- 
disease organisms, in efforts to determine the extent to which an infected 
seedling is hazardous to adjacent healthy seedlings. 

With freedom from serious rhizoctonia attack, the mortality of seedlings 
from infested seed followed a random distribution, agreeing with the dis- 
tribution formula derived by expansion of the binomial equation. A skew 
distribution, with an excessive number of seedling failures in hills contain- 
ing one or more infested seeds, did not occur, indicating that in the absence 
of severe rhizoctonia attack, diseased seedlings, regardless of seed type or 
infestation, were not a hazard to adjacent healthy seedlings. This was con- 
firmed by direct observation of the success of healthy seedlings in the pres- 
ence of diseased ones in rhizoctonia-free soil, and also by the equal emergence 
rates of seedlings from mixtures of diseased and healthy seed whether 
planted under conditions of many or few possible contacts of diseased and 
healthy seedlings. 

Where EMzoctonia was a factor, there was an excessive proportion of 
seedling failures in hills originally containing one or more diseased seed- 
lings, These failures w^ere not due to the ‘^all-or-nothing’’ character of 
field accidents, nor to the original internal or external infestation of the 
seed, but to soil-borne BJmoctoma advancing in an “all-or-nothing” fashion. 

These findings are in agreement with the greater usefulness of Ceresan 
seed treatments in the southeastern States, where seed-borne infestations 
are of major importance in seedling disease, and the greater success of acid- 
delinting of seed in the Southwest where Rhizoctonia is the chief cause of 
seedling disease, since the acid treatment shortens the period of suscepti- 
bility to Rhizoctonia, 

The bearings of these findings on the planting value of partly infested 
cotton seed, and on present needs in seed treatment, are discussed. 

Department op Botany and Plant Pathology, 

Oklahoma Agricultural Experiment Station, 

Stillwater, Oklahoma. 
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A DISTINCTIVE STRAIN OF TOBACCO-MOSAIC VIRUS 
PROM PLANTAGO 

Francis 0. Holmes 
(Accepted for publication April 26, 1941) 

A mosaic disease was observed, in the autumn of 1940, in plants of rib 
grass (Plantago lanceolata L.) and of the broad-leaved plantain (P. major 
L.), growing as weeds in several widely separated locations near Princeton, 
New Jersey, Aifected plants, interspersed among much larger numbers of 
healthy-appearing plants of the same species, were distinguished by slight 
twisting of petioles, chlorotic streaks along veins, and systemic chlorotic 
mottling (Fig. 1, A). 

Inoculation of Turkish tobacco (Nicotiana tahacum L.) with undiluted 
juices expressed from affected plants of each of the Plantago species initiated 
a disease characterized by numerous primary lesions (Fig. 1, B) resembling 
those of tobacco-ring-spot disease. Usually these primary lesions appeared 
as thin, white rings of necrotic tissues surrounding green or only slightly 
chlorotic central areas and distributed in a random manner over the inocu- 
lated portion of the leaf lamina. Sometimes, however, they appeared as 
coarse, brown rings of necrotic tissues with green centers or as solid, brown 
necrotic spots. The primary lesions first became distinguishable on the 
third or fourth day after inoculation. A day or two later, comparable sec- 
ondary lesions appeared in several successive uninoculated leaves at the top 
of each plant (Fig. 1, C). These secondary lesions consisted of rings and 
lines of necrotic tissues along veins ; they were usually white and delicate in 
character but occasionally brown and coarse. Both primary and secondary 
necrotic lesions were sometimes zonate. Necrosis did not occur in newly 
formed leaves after the onset of systemic attack unless the infected plants 
were forced into unusually rapid growth, as by being cut back severely. 
Instead, the next leaves that were formed showed chlorotic mottling in which 
the chlorotic areas were often few and large (Fig. 1, D). As the diseased 
plants matured, new leaves were variously affected. Some showed a blurred 
chlorotic mottling; others were green and nearly normal in appearance; a 
few showed sharply delineated mottling in which the chlorotic areas were 
numerous and small. 

Inoculation of Nicotiana glutinosa L. gave rise locally to numerous 
brown necrotic lesions, essentially like those produced in this host by tobacco- 
mosaic virus {Marmor tahaci H.). The lesions were slightly smaller than 
those characteristic of the type strain of this virus and were less heavily 
pigmented peripherally ; no systemic spread of the disease was observed. 

The two original isolates of virus, from rib-grass and broad-leaved plan- 
tain, respectively, appeared to be identical in their effects on Nicotiana 
taiacum and on N. glutinosa. The strain from rib grass was used in all 
subsequent experiments, as being representative. 
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The preliminary observations already described had raised the question 
of whether more than one virus might be concerned in the original disease in 
rib grass, since no single virus was known to produce all of the observed 
eifects. Further studies were conducted, in part to answer this question 
and in part to permit the identification of the virus or viruses involved. 

EXPERIMENTAL STUDIES OP THE RIB-GRASS VIRUS 

Resistance to Meat. Preliminary tests indicated that the rib-grass virus 
was relatively resistant to heat. In order to appraise its stability more 
accurately, juice expressed from systemically infected Turkish tobacco 
plants, such as served as sources of inoculum for use in all subsequent experi- 
ments except as otherwise stated, was exposed in thin- walled glass tubes, 
without dilution, to a temperature of 85° C. for 0, 5, 10, 15, and 30-minute 
periods ; 10-leaf tests on Nicotiana glutinosa gave lesion counts of 3104, 2068, 
1947, 1437, and 1242, respectively, showing gradual but slight decrease of 
infectivity with increase of time at this temperature. Similar exposures at 
90° C. gave counts of 3668, 1216, 639, 83, and 1, showing more rapid decrease 
of infectivity but not complete inactivation at this higher temperature. 
Additional tests showed that the virus was completely inactivated in 10 
minutes at 93° C., not at 92° C. 

Only 1 virus that has been shown to spread systemically in tobacco is 
known to resist exposure at 85° C. or at any higher temperatures for as long 
as 10 minutes without complete inactivation; this is tobacco-mosaic virus. 
The result of the heat treatments, in conjunction with the character of the 
lesions on Nicotiana glntmosa, gave preliminary evidence, therefore, that the 
rib-grass disease was caused by a strain of tobacco-mosaic virus, either alone 
or in mixture with some other virus. It seemed highly improbable that a 
second virus also could withstand this relatively high temperature treatment. 
Transfers were made to tobacco, therefore, from single lesions in N. glutinosa 
plants inoculated with juice that had been exposed at 85° C. for 10 minutes. 
These transfers induced a disease having all the characteristics of the malady 
earlier produced in tobacco by inoculation with crude juice taken directly 
from diseased rib-grass plants in the field. Thus, it appeared that all the 
effects observed in tobacco could be produced by a single-lesion isolate of a 
virus having approximately the thermal stability of typical tobacco-mosaic 
virus. 

Resistance to Drying. A stock of the rib-grass virus in dried tobacco 
leaves was stored in the laboratory at about 23° C. and was tested after 73 
and 122 days by inoculation of Nicotiana tahacum and N. glutinosa. A 
high degree of infectiousness was noted on each occasion, and the disease 
type was found not to have been modified by storage of the virus in dried 
leaf tissues. In resistance to desiccation in leaf tissues, as in resistance to 
heat, the rib-grass virus resembled tobacco-mosaic virus. 

FilteraUlity. A sample of juice from an infected tobacco plant was cen- 
trifuged at low speed to remove the larger particles of cellular debris ; 10 ec. 
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of tile cleared juice was then added to 85 cc. of water and 5 cc. of a l-day-old 
broth culture of the red-pigmeiit-forming bacillus, Serratia marcescens Bizio 
1823 (^Bacillus 'prodigiosiis Fliigge 1886). Part of the mixture of diluted 
infectious juice and bacterial culture was filtered through a Berkefeld W 
porcelain candle ; the filtrate proved to be free from bacteria, as determined 
by agar-plate tests of 2 samples, each of l-ce. volume, but induced the forma- 
tion of 80.2 lesions per leaf on 10 inoculated leaves of Nicotiana gliitinosa. 
The filterability of the rib-grass virus was thus demonstrated. Control tests 
of the unfiltered mixture showed more than 1000 bacteria per cc. and a virus 
content sufficient to induce the formation of 64.4 lesions per leaf on 10 similar 
leaves of iV. glutmosa. 

Infectwiis 7 iess at High DiUtiions. The virus in freshly expressed juice 
was so concentrated that it remained infectious, even when diluted to 1 : 10^. 
The numbers of lesions produced on sets of 20 leaves of Nicotiana glutmosa 
inoculated with 9 successive 10-fold dilutions (10*^ to 10"®) of juice expressed 
from a tobacco plant infected 91 days previously were : 9700, 6088, 1700, 236, 
88, 14, 1, 0, 0. This ability to infect at high dilution is comparable to that 
of many of the more infectious strains of tobacco-mosaic virus and but little 
inferior to that of the type strain, though the leaves of the old plant used as 
source of virus had appeared green and nearly like those of healthy plants. 

Inabilit'ij to Infect Bean. Most strains of tobacco-mosaic virus cause the 
formation of brownish-red local lesions in inoculated leaves of Early Golden 
Cluster hmii {Fhaseolus vulgaris L.) (9), although a strain which appears 
incapable of producing lesions in this plant has been described by Melehers 
et al. (8). Repeated attempts to transmit the rib-grass virus to Early 
Golden Cluster and other varieties of bean have resulted in failure. Appar- 
ently P. vulgaris is immune from this virus under the conditions of the 
experiments. Because of this characteristic, it has been possible to show by 
the inoculation of bean leaves that samples of the rib-grass virus used in the 
tests reported here did not owe their tobacco-mosaie-like characteristics to 
contamination with ordinary tobacco-mosaic virus, which, if present, would 
have been disclosed by the development of characteristic lesions. 

Effect on Nicotiana sylvestris. Dark-brown, necrotie, local lesions alone 
appeared on Nicotiana sylvestris Speg. and Comes plants that had been 
inoculated with the rib-grass virus. In this respect the virus resembled the 
so-called aucuba types of tobacco-mosaic virus, a group of substrains and 
isolates collectively constituting the tomato aueuba-inosaic strain of this 
virus {Marmor tahaci Yerr. aucuba 'R.). 

Response to Presence of Gene N in Tobacco. Further diagnostic evi- 
dence was obtained by direct transfer of virus from the spontaneous disease 
in rib grass to a segregating progeny of tobacco plants, some bearing the 
dominant gene N from Nicotiana glutinosa, others its recessive allele 
Plants bearing the dominant gene N respond to infection with typical 
tobacco-mosaic virus by forming necrotie lesions of the type characteristic of 
N. glutmosa (5), whereas plants lacking it respond by forming extremely 
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faint chlorotic primary lesions that are sometimes difficult to detect without 
staining in iodine solutions (3) and by showing subsequent chlorotic 
mottling. The virus from rib grass also produced 2 types of disease, in 
some plants the brown, necrotic, local lesions of N. glutinosa type, and in 
others primary and secondary thin, white, necrotic, ring-like lesions with 
green or slightly chlorotic central areas, f ollo-wed by mottling, as in ordinary 
tobacco infected with this rib-grass virus. The results of this test tended 
to confirm the earlier evidence that a strain of tobacco-mosaic virus w^as 
present in the diseased plants, for no other virus is known to be so influenced 
by the gene N that 2 sharply distinguishable disease types are produced. 
Moreover, these results confirmed the evidence already available that but 1 
virus was responsible for all the observed effects. Had a second virus been 
responsible for the necrotic rings in ordinary tobacco, the V-type tobacco 
plants used in this experiment should have shown not only the brown necrotic 
spots, characteristic of infection by tobacco-mosaic virus, but also the pri- 



mary and secondary ring-like lesions. 

Immunological Relationships. Tobacco plants inoculated over the whole 



surface of a leaf wuth the type strain of tobacco-mosaic virus 5 days before 
inoculation of the same leaf with the rib-grass virus developed no necrotic 
lesions, whereas tobacco plants of the same age inoculated with the rib-grass 
strain 5 days after preliminary inoculation with juice from healthy tobacco 
plants developed large numbers of the characteristic necrotic lesions (Pig. 1, 
E and P). Purthermore, tobacco plants, systemically infected with typical 
tobacco-mosaic virus, did not show" necrotic primary lesions as a result of 
subsequent inoculation with the rib-grass virus. This protection, as a result 
of previous infection wdth a strain of tobacco-mosaic virus known not to 
cause necrosis, confirmed the diagnosis of tobacco-mosaic virus as wholly 
responsible for the necrotic-ring effects in tobacco. No such protection was 
conferred on tobacco plants by previous infection with other mosaic viruses, 
such as cucumber-mosaic virus {M. eucumeris H.) and alfalfa-mosaic virus 
{M. medicaginis H.). 

Confirmation of the protection tests in tobacco was given by experiments 
in which it was demonstrated that protection was afforded to parts of leaves 
of Nicotiana sylvestris by inoculations with typical tobacco-mosaic virus 5 
days before their inoculation with the rib-grass virus. No necrotic lesions 
appeared in areas already invaded by the type virus, but many necrotic 
lesions appeared in uninoeulated areas or in areas rubbed only with juice 
of healthy tobacco in the preliminary inoculation. Kunkel (6) has shown 
that this type of test is an excellent criterion for determining the possible 
relationship of a virus to knowm strains of tobacco-mosaic virus. 

Serological Relationships. Characteristic flocculent precipitates were 
secured with the rib-grass virus in the presence of antiserum to the type 
strain of tobacco-mosaic virus. The samples of rib-grass-mosaie virus used 
in this serological test were shown to be highly infective, typical, and free 
from contamination wdth ordinary tobacco-mosaic virus by inoculation of 
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Nicotiana glutinosa, N. iabamm, and Phaseolus vulgaris. Large numbers 
of lesions in tbe first of these species reflected the high titer of the sample 
in hand, necrotic-ring production in the second showed the nature of the 
strain to be unmodified, and complete lack of lesions in the third showed the 
absence of ordinary tobacco-mosaic virus, control inoculations with which 
produced abundant reddish necrotic lesions, as usual, in accompanying bean 
plants grown simultaneously and maintained under the same conditions in 
the greenhouse. 

Morphology. Electron micrographs, made by Thomas F. Anderson, 
Fellow of the National Kesearch Council at the laboratories of the Radio 
Corporation of America in Camden, N. J., showed the rib-grass-virus par- 
ticles to be rod-like in form. A portion of one of these micrographs is rep- 
resented in figure 2, with a scale superposed on it to facilitate estimation 


of the rib-grass strain of tobacco 
dnccd at a magnification of 30,000 diameters, (Micrograph by T. P. 

of particle lengths. Preparations of the rib-grass virus thj 
fied by ultraeentrifugation were examined by I. Fankuch 
.search Council Fellow in Protein Chemistrv at tba 
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Massacliusetts Institute of Teclinology. Tlirongii the use of an X-ray 
diffraction technique (2), he determined the average diameter of the virus 
particles to be about 15.0 iiiq (150 A.) in air-dried preparations. Both the 
rod-like shape disclosed by use of the electron microscope and the width of 
particles as measured by X-ray methods agreed well with the hypothesis that 
the rib-grass virus was a strain of tobacco-mosaic virus. 

Invasiveness. The rib-grass virus differed from the type strain of 
tobacco-mosaic virus in its greater ability to invade plants of Plantago 
lanceolata systemically, the type strain being known to increase in the 
inoculated leaf (4, p, 64), but not to produce obvious disease, and not to 
spread to new leaves in this host; indeed, Allard (1, p. 11) reported that the 
most rigorous methods of inoculation were ineffective in producing any 
visible symptoms of disease in rib grass. Perhaps it is not surprising, 
therefore, that the rib-grass strain was found less able to penetrate the 
tissues of some solanaceous species, its specialization for Plantago being 
accompanied by a notable reduction of invasiveness in such plants as tomato 
BJidi Phy satis angulataJj. 

In tomato {Lycopersicon esculenticm Mill.), the rib-grass viims produced 
either localized and inapparent infections, or, less often, a systemic disease 
characterized by few secondary lesions, constituting a spotty chlorotic 
mottling. Typical tobacco-mosaic virus under the same environmental con- 
ditions regularly became systemic and caused a "Well-developed chlorotic 
mottling in this host. 

In Physalis ang%ilata, only primary lesions were formed by the rib-grass 
virus; these were mostly chlorotic in character, though a few showed necrotic 
peripheries; secondary lesions were absent and no defoliation occurred. 
Typical tobacco-mosaic virus became systemic in this host ; its primary and 
secondary lesions were nearly all in the form of fine white necrotic rings 
wuth green centers, a few being coarser necrotic rings or necrotic brown 
spots ; abscission of affected leaves led eventually to complete defoliation of 
the plants. 

Inability to Infect Gncumler. Despite the ability of the rib-grass virus 
to invade Plantago systemically, an ability not possessed by typical tobacco- 
mosaic virus, cucumber (Cncumis sativus L.) appeared to be insusceptible 
to infection, no disease appearing after inoculation and no evidence of virus 
increase being obtained on subinoculation. In this inability to infect 
cucumber, the rib-grass virus resembles typical tobacco-mosaic virus and 
differs sharply from cucurbit-mosaic {Marnvor astrictiim H.), which 

has no known hosts in common with tobacco-mosaic virus but shares its 
physical and chemical properties, even to the point of antigenic similarity. 

Stahility. The rib-grass virus is relatively stable, at least in the sense 
that it has not been observed to give off variants resembling ordinary 
tobacco-mosaic virus. Tobacco plants, infected with the rib-grass virus 
when young and tested more than 2 months later, showed no evidence of the 
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development of strains of the virus capable of infecting bean plants. Ten 
successive transfers in tobacco failed to modify the virus enough to permit 
it to form lesions in the bean, to move freely in tomato, or to mottle tobacco 
without inducing the formation of necrotic-ring lesions. Tomato plants, 
infected when young, usually showed no evidence of disease to blossoming 
time ; in a few plants there were scattered chlorotic lesions in upper leaves. 
Inoculated leaves of tomato plants contained much virus when tested 18 
days after inoculation; the tops of the same plants, however, showed no 
virus in some cases and but little in others ; this would not have been the 
case had variants resembling the type strain been formed. 

Existence of Suhstraim. Successive isolates from diseased rib-grass 
plants in the field disclosed the existence of variants of the rib-grass virus. 
All isolates, however, produced necrotic primary lesions on transfer to 
Turkish tobacco plants. All were similar in being uninf ectious for the 
Early Golden Cluster bean. One isolate was characterized by its tendency 
to produce necrotic rings on Turkish tobacco a little later than the others. 
On the whole, the similarities between the isolates w’-ere more striking than 
the slight differences that were detected. Because of this, the isolates thus 
far observed seem to constitute a closely related group and collectively to 
represent a strain of tobacco-mosaic virus, adapted to Plantago as a natural 
host, characterized by producing ring-like necrotic primary lesions in Turk- 
ish tobacco, and typified by the isolate described in detail in this paper. 

MSCUSSION 

Similarity to Recognized Strains of Tohacco-mosaic Vinis, The rib- 
grass virus resembles to some extent a tomato-mosaic strain of tobacco-mosaic 
virus studied by Melchers et al. (8) ; this strain also failed to infect bean 
and produced only necrotic local lesions on Nicotiana sylvestris; it differed 
by producing 110 obvious primary lesions of any sort and no secondary 
necrotic-ring lesions, but only chlorotic mottling, in ^^Samsun’V tobacco, a 
variety much like the Turkish tobacco used in the present study. In at least 
one way, the rib-grass virus resembles also the mild dark-green mosaic virus 
of McKinney (7, pp. 565-566), which is possibly a strain of tobacco-mosaic 
virus. This virus is said not to infect tomato, and, for its part, the rib-grass 
strain is not easily induced to move systemically in the tomato nor to produce 
outward manifestations of disease in this host. The mild dark-green mosaic 
virus of McKinney, however, like the tomato-mosaic virus of Melchers et al, 
does not produce necrotic-ring lesions in tobacco. Resemblance of the rib- 
grass virus to the tomato aucuba-mosaic strain of tobacco-mosaic virus in 
production of localized necrosis in iV. sylvestris is also of but limited signifi- 
cance, for previously recognized, aucula-ij-pe substrains cause no necrotic, 
but only chlorotic, effects in Turkish tobacco and readily infect the bean, 
llie minute-lesion strain of tobacco-mosaic virus {Marmor taiaci Ysac. artnm 
H.), which produces even smaller lesions in N. glut inosa than does the rib- 
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grass strain, causes no necrosis in Turkisli tobacco and infects the bean, 
tliougli its lesions tend to be small in this host as in N. gluUnosa. On the 
whole, the rib-grass virus shows striking characteristics that differentiate it 
from previously recognized strains. 

Technical Designation of the Bib-grass Strain of Tobacco-mosaic Virus. 
The rib-grass virus appears to deserve consideration as a distinctive strain 
of tobacco-mosaic virus, its identity with this virus being clearly shown by 
its remarkable resistance to heat and desiccation, its precipitation by an 
appropriate antiserum, its exclusion from tissues previously infected by 
typical tobacco-mosaic virus but not by other viruses, and its response to 
the genic constitution of tobacco. The rib-grass strain of tobacco-mosaic 
virus is unusual in its adaptation to rib grass, in its tendency to induce 
peculiar necrotic-ring effects in tobacco, and in its inability to infect the 
bean. In particular, the induction of characteristic necrotie-rmg effects m 
Turkish tobacco would appear to warrant its recognition as an entity deserv- 
ing varietal status, occurring in nature, consisting of closely related su - 
strains, and typified by the isolate here described. The name Marmor 
tabaci var. plantaginis n. var. is hereby given to it. 

There has been some adverse criticism of the application of varietal 
names to strains of viruses (10). This criticism appears to be based on 
the belief that later collections may not exactly duplicate an isolate first 
described as type of a variety. Would not this objection apply also to the 
Tiaining of a species ? Minor variations among subsequent isolates, however, 
if only of subsidiary character and significance, need not interfere with 
assignment of an isolate to an otherwise appropriate category, whether of 
specific, varietal, or other rank. 

SUMMARY 

A filterable virus, causing a mosaic disease of rib grass, Plantago lanceo- 
lata L., and of the broad-leaved plantain, P. major L. {Plantagmaceae) was 
found to produce necrotic-ring patterns when transferred experimenta y o 
Turkish tobacco {Nicotiana tabacum L.). Its failure to be inactivated by 
heat when exposed at 92° C. for 10 minutes, its inability to form its charac- 
teristic necrotic primary lesions in tissues of N. tabacum and of N. syhves^ 
Speg. and Comes, already invaded by typical tobacco-mosaic vuus, its p _ 
eipitation by tobacco-mosaic-virus antiserum, and its response to the genic 
constitution of tobacco showed that it was a strain of tobacco-mosaic virus 
(Marmor tabaci H.) . This rib-grass strain of tobacco-mosaic viius, distm- 
o-uished from previously known strains by its ability to form necrotic-rmo 
iCitfin Lacco, was gi^^^^ the varietal designation Marmor tabac^ var. 

plantaginis n. var. 

From the Department op Animal and Plant Pathology op 

The Rockefeller Institute FOR Medical Research, 

Princeton, New Jersey. 
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THE EEACTION OP COTTON VAEIETIES TO PUSARIUM WILT 
AND EOOT-KNOT NEMATODE^ 

A , L . S M I T H 

(Accepted for publication April 5, 1941) 

The importance of the root-knot nematode, Heterodera marioni (Cornu) 
Gooder, in increasing the severity of fusariiim wilt of cotton, eowpeas, and 
some other crops has long been recognized. Yonng (10) has reviewed the 
more pertinent literature concerning cotton wilt and root knot prior to 1928. 
Eecently the presence of the meadow nematode, Pratylenchiis i^ratensis (de 
Man) Filipjev, in wilt soils, has been reported to bring about a more severe 
wilt condition in Georgia (1) and North Carolina (9) than has been at- 
tributed to severe infestations of the root-knot nematode alone. Several 
other species ofmematode have recently been found parasitic on the roots of 
cotton plants in Georgia (2). Pathologists and plant breeders generally 
have directed their attention to studies of the wilt pathogen and to breeding 
for fusarium-wult resistance, largely ignoring the nemalode problem. It 
appears important to give more consideration to the nematode problems, 
particularly in breeding for wilt resistance in cotton. While it is recognized 
that the data presented in this paper are inadequate for fully establishing 
the relative root knot- wilt resistance of the more important commercial 
varieties of the southeastern States, the information on this subject is so 
meager and the importance of the problem is such that this preliminary note 
may be justified. 

King and Loomis (6) have pointed out the greater resistance of upland 
Acala cotton to root knot in comparison with American Egyptian (Pima) 
grown in Arizona. Miles (7) conducted studies in Mississippi in which he 
used the percentage of plants showing root-knot galls as a means of differ- 
entiating varieties for root-knot resistance. Upland wilt-resistant varieties 
as a group were found to be more resistant to root knot than wilt-susceptible 
varieties. Some exotic varieties and hybrids were clearly more root-knot- 
susceptible than the upland cottons. 

VARIETIES AND METHOD OF RECORDING DATA 

The varieties studied by the writer were grown in the Coastal Plain area 
of Georgia in 1940 at 3 locations in 4 tests on soils known to be infested with 
root-knot nematode and the wilt organism, Fusarium vasinfechim Atk. 
Prom identical plantings of 8 varieties, grown near Hawkinsville and Plains, 
4 of the 8 replicates were examined plant by plant for root-knot infestation. 
Like data on nematode infestation were recorded by examining all plants in 
tw^o replications in each of two identical 15-variety tests located near 

1 Cooperative investigations of tlie Georgia Agricultural Experiment Station and tbe 
Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant Industry, IJ. 8. 
Department of Agriculture. Approved by the Director of the Georgia Agricultural 
Experiment Station as Technical Contribution 80. 
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Hawkinsville and Americns. The data obtained from the two 15-variety 
tests were combined to give the mean root-knot reaction of plants from 4 
plots 100 ft. long. Yield and wilt data were recorded for all 8 replicates in 
each of the 4 variety tests. 

Eoot-knot-infestation examinations also were made at Plains of Seabrook 
(Sea Island) and Half and Half varieties and their hybrids. The plantings 
were made in consecutive 25-foot rows in the following order : one row of 
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Sea Island, Seabrook 36-12-B2, 10 rows of Sea Island, Seabrook 36-12-B2 x 
Half and Half, Fa, and one row of Half and Half. Three plants of each of 
the varieties mentioned were used in the original cross. Since the popula- 
tions were small, only the mean root-knot infestation is presented for the 
hybrid progenies. The wilt infestation was mild in the area where this 

planting was made, and wilt data were not recorded. 

The evaluation of root-knot reaction requires a method of distinguishing 
wide differences in degrees of infestation between individual plants. Pre- 
liminary observations indicated extreme variation within and between varie- 
ties. The tap root of cotton with the relatively sparse number of lateral 
roots (Pig. 1, A) permits a rapid observation of nematode gaUs. It was 
found practical to determine the percentage of lateral roots originating at 
the tap root which showed galls. This was done in the beginning by actual 
count and later by estimation. The percentages were then classified and 
designated by numbers 1 to 4, as follows: class 1, 1 to 25 per cent; class 2, 

26 to 50 per cent; class 3, 51 to 75 per cent; and class 4, 76 to 100 per cent. 
Plants with only the tap root infested were placed in class 1. Those witiiou 
calls were classified as 0. On completion of cotton picking, nematode infes- 
tation was determined from roots that had been plowed up and stored under 
cool humid conditions until the examination was completed. 

Wilt data were recorded 3 times during the growing season. The final 
wilt percentage includes plants killed throughout the season plus additional 
plants showing external wilt symptoms on the last date of recording data. 

RESULTS 

The differentiation of varieties for root knot reaction was somewhat moie 
striking in the Plains study (Table 1). All plants of two varieties, Stone- 
ville 2B and Miller 610, bore root-knot galls, which indicated a unitorm j 
heavy root-knot population in the soil. The wilt infestation was mild and 
consequently relatively few wilt-killed plants were necessarily discarded 
In the Plains nursery a comparison of the percen age p 
Miller 610 and Early Wilt occurring in the different ^ ‘ 

cates that these varieties are quite distinct as to resistance to root knot 
Approximately 78 per cent of the Early Wilt plants are in classes 0, 1, and 
t co“to 8 per cent of those of Miller 610. Less than 10 per cen of 
the 3 root-knot-resistant varieties in the Plains nursery ^eie in class , 
whereas of the 4 root-knot-susceptible varieties ^ 

were in class 4. In figure 2, the plants from a single lOMoot row of E y 
Wilt are classified for root knot reaction and compared to an adDacmrt lOW 
of Miller 610 (A and B). The varieties Cleveland 

are compared (C and D). Plants in class 4 commonly have a mass of short 
kteiTrliots all bearing numerous knots definitely restricted to a narrow 
A j- +1 +nr, i-nnt I'Fio’ 1 BaiidO). The number of galls per plant 

Stat'd !»“• ■“ " *” 
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TABLE 1. — Numerical evaluation ni 

cotton varieties and hybrids. Plaim, SawUnsvXT^f^ infestation, yield and wilt 

— — ____ — ^nsville, and Aonertetis, Georgia, 1940 


Variety 


Plants 

ex- 

amined 


Pusarium- I 
lalled 
and 
wilted 
plants 



Plants in root-knot class 

Yield of 
seed 
cotton 

0 

1 

2 

3 

4 I 

per 

acre 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per™ 

' cent 

Pounds 


Early Wilt 

4 in 1, strain 4 

Cleveland (Wanna- 

maker) 

Half and Half 

Stoneville 2B 

Dixie Trinmpli 06-366 

Delfos 425 

Miller 610 


Early Wilt 

4 in 1, strain 4 ... 
Cleveland (Waniia- 

maker) 

Half and Haifa "131 

Stoneville 2B 

Dixie Triumph 06-366 
Delfos 425 
Miller 610 


^Hawkinsville variety test 


462 

507 

2.5 

40.9 

36.8 

10.7 

7.0 

4.7 


0.0 

44.9 

33.1 

10.2 

7.4 

4.5 

393 

183 

2.5 

67 4 

55.2 

29.6 

9.6 

4.7 

1.1 

438 

21.5 

54.3 

25.2 

8.6 

8.6 

3.2 

413 

6.8 

32.1 

17.4 

14.3 

14.5 

21.8 

493 

9.4 

16.7 

15.9 

11.1 

16.7 ! 

39.5 

386 

18*4 

6.0 

16.0 

15.2 

19.9 

42.9 



12.1 

11.9 

11.1 

15.8 1 

49.1 


Early Wilt .... 

4 in 1, strain 4 

4 in Ij strain 3 
Clevewilt 7-2 ............. 

Cleveland 6 (Wanna. 

maker) 

Cook (Rhyne) 

Toole (Perry) 

Dixie Triumph 12 ... 

Dixie Triumph 9 

Stoneville 2B .’ 

Deltapine 12 ......I’. 

Coker 100-3a 
Coker 200-2a ..................... 

Piedmont Cleveland 
Hibred 


Seabrook 36-12B~2 
Seabrook 36-12-B-2 x 

Half and Half, F, ... 
Half and Half 


. . — — u — ______ I — I I ±1.1 \ 10. S i 

Amerieus and HawkinsvilirisT^^ ^ ^ 

T~ — p — — ___1 tests (data combined) 


518 

349 

167 

497 

399 

562 

363 

98 

249 

591 

359 

125 

98 

289 

278 


0.9 

3.0 

6.1 

3.0 

3.8 

1.2 

2.3 

2.0 

5.1 

14.4 
9.5 

47.2 

47.6 

15.5 

28.5 


56.9 

55.1 

39.2 
25.6 

33.9 

43.0 
28.4 

8.2 

13.9 

10.1 

15.9 

53.9 

31.9 

16.9 
16.8 


31.9 

30.0 

34.2 

23.1 

32.8 

22.9 

17.7 

15.3 

20.7 
16.6 

6.6 

10.1 
11.2 

10.7 

20.9 


5.9 

5.9 

10.5 

12.8 

14.1 

12.6 

12.5 

19.4 

12.8 

14.1 

8.9 
9.5 

15.1 

11.4 

12.1 




3.6 

1.6 

6.4 

2.5 

8.7 

7.4 

14.7 

23.7 

11.5 

7.7 

10.9 

10.5 

15.2 

26.1 

22.4 

34.7 

13.3 

39.3 

17.5 

41.7 

11.1 

57.4 

7.1 

19.4 

17.0 

24.6 

15.0 

45.8 

16.3 

33.9 



0.0 

15.6 

3.1 

0.0 

81.2 

1.5 

0.0 

3.9 

31.2 

5.4 I 
37.5 

8.3 

6.2 

81.0 

25.0 


and 

brook 


371 

372 

0.6 

2 ^ 

17.9 

38.2 

21.8 

14.4 

7.9 

824 



16.1 

31.8 

29.3 

14.4 

8.9 

858 

366 

393 

0.7 

43.9 

11.8 

25.6 

27.7 

28.0 

6.9 

897 

360 

23 .*3 

4.0 

13.0 

23.8 

31.7 

27.5 

673 

368 

3.4 

0.0 

1 o 

4.4 

12.0 

18.1 

65.5 

863 

429 

4.6 

■ 1*0 

6.5 

6.7 

15.1 

70.6 

829 

429 

14.’8 

0.8 

0.0 

1.2 

1.9 

4.4 

5.8 

17.9 

12.4 

75.7 

80.4 

656 

738 


1,393 

1,625 

1,175 

713 

1,497 

1,210 

1,182 

1,283 


xs consxaered ™ne from Rains aXawSviU, ' ^ 


le tests above,* 
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more than 10. The galls per plant in class 4 were often 50 to 100 or more. 
Differences in size of galls were quite noticeable for the different varieties 
and class groups. Miller 610 and Stoneville (Fig. 1, B) roots show unusually 
large galls. Galls occurred on primary lateral roots of considerable size, 
whereas with roots of resistant varieties in the lower infestation classes, the 
galls were generally much smaller and confined to smaller roots, a condition 
suggesting an actual qualitative difference in response of root tissues to 
root-knot-nematode infection. 



Pig. 2. Boots of cotton plants from single 100*foot plots evaluated for root-knot 
infestation on a basis of percentage of lateral roots showing galls, percentages grouped 
as follows: 0, not infested; 1, 1 to 25 per cent infested; 2, 26 to 50 per cent infested; 
3, 51 to 75 per cent infested; and 4, 76 to 100 per cent infested. A. Early Wilt; B. 
adjacent row of Miller 610; 0. Cleveland (Wannamaker), and D, Stoneville 2B. 
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A gi'apliic illustration of the reaction to root knot in the ease of 8 varie- 
ties grown in the Plains nursery further indicates the wide differences in 
resistance (Fig. 3, A). The varieties Early Wilt, Coker’s 4 in 1 strain 4, 
and Cleveland, compared to Stoneville 2B, Dixie Triumph 06-366, Delfos 
425, and Miller 610, are highly resistant. The mean reaction (Pig. 3^ B) 
of the former group, all developed by breeders in the Coastal Plain'^area of 
South Carolina, on wilt soils probably heavily infested with root knot nema- 


_ VARIETIES 

^ early wilt 

4 IN LSTRAIN 4 

“ — • WAN. CLEVELAND 

• — X--* HALF & HALF 

- • STONEVILLE 2B 

DIX. TRI. 06-3S6 

• DELFOS 425 



B 

_ VARIETIE 

S ORIGINATE 

« MISS. & L 

• COASTAL 

— 

:D IN:- 

A. 

PLAIN OF 

3. C. 




/ 




/ 




' / 

y 




/ 

Z 




z 
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ROOT KNOT INFESTATION CLASS ^ 

root-knot infestation '^(Af?ndMdua^^an™('BT^ffrouT^^^^ Georgia, m 1940 evaluated for 
origin eifeet on root-knot susceptibility Early Wilt 4 varietal 

Cleveland were originated in Coastal Plain ^ 1 strain 4, and Wannamaker 

The varieties Stonefille 2B, BiSe lSuSli 06-^66 D 1 f 7°^ "1 infestation is severe, 
nated in the heavier soils of MississiD^7?D/i T^in* ? Belfos 425, and Miller 610 were origi- 
Piedmont, is not incS 4 d^TIr^o^^^ Louisiana. Half and Half, developed in the 

tode is quite different from the mean reaction of the latter group oriodnated 

mississippi. Half and Half, originated in the Piedmont region of Georgia 
IS intermediate in type. Approximately 30 per cent of the Half and Half 
roots were discarded because of wilt and decL tbn ! , 

trustworthy as they are for other varieties Tn !b w ^ 

root-tao. s^pto J 1 1 “eT If 

a fact evidenced by the higher nercrtaor.r i 4 i! 
in the noninfested class. Althou-h the infestatio? placed 

maintain their same relative positions in no • + lighter, the varieties 

exception of Half and Half. The plants examTied 

seated only 24 per cent of the origfnal stand the C 

fainai stand, the remainder having been 
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killed by wilt or otherwise discarded because of decayed roots; lienee, the 
final root-knot data are obviously inaccurate. There is further ag'reenient 
in the relative root-knot resistance of varieties occurring in the 15-variety 
test (Americus and Hawkinsville combined) in comparison with the Plains 
and Hawkinsville studies. This can be seen by observing the reaction of 
Early Wilt, Coker’s 4-in-l strain 4, and Stoneville 2B, varieties that occur 
in all 3 tests. 

A comparison of the root-knot symptoms of Half and Half and Seabrook 
showed quite noticeable differences. T 3 ^pieal class 4 plants of each variety 
are shown in figure 1, C and D. Seabrook appeared highly susceptible in 
comparison with the intermediate reaction of Half and Half. The mean 
reaction of the 10 Fs hybrid progenies was rather like that of the more 
susceptible parent. Wilt data were not recorded for this study, but Half 
and Flalf is considered entireh’’ susceptible to, whereas Seabrook for all 
practical purposes is considered immune from wilt. Fusarium vasinfectum^ 
has been cultured from discolored vascular tissue of Seabrook, but external 
wilt s^unptoms have not been observed in the field. 

A consideration of the wilt reaction of all the varieties and their reaction 
to root knot indicates, in general, a negative relationship. High root-knot 
resistance, in the writer’s experience, is confined to varieties selected for 
wilt resistance. On the other hand, Dixie Triumph 06-366, Delfos 425, and 
Sea Island Seabrook 31-12B-2 are high in wilt resistance but are rather 
highly susceptible to root knot. The most wilt-susceptible variety (Half and 
Half) shows intermediate resistance to root knot. The varieties Miller 610, 
Stoneville 2B, Deltapine 12, and Piedmont Cleveland, intermediate in wilt 
resistance, are apparently susceptible to root knot. Many plants with de- 
cayed root systems occurred in all root-knot-susceptible varieties in contrast 
to root-knot-resistant varieties. King and Hope (5), in Arizona, made simi- 
lar observations in which the roots of the highly root-knot-susceptible Pima 
variety w^ere largely decayed, w’hile those of the more nematode-resistant 
upland Acala remained alive. 

A comparison of the yield, wilt, and root-knot reaction data indicates the 
superiorit}^ of the wilt- and nematode-resistant varieties as a group. The 
low yields of such varieties as Coker 100-3, Coker 200-2, and Hi-Bred indi- 
cate the effect of susceptibility to wilt on ^deld. It is clearly not possible to 
segregate the wilt and root-knot effects on yield in the southeastern States, 
where the soils generally are infested with both pathogens. It is logical to 
assume that some reduction in ^deld would result from the occurrence of 
large numbers of plants in a variety with root-knot conditions as shown in 
figure 1, B and C. King et al. (4) in limited studies, on root-knot-free and 
heavily infested soils, found the yield of upland Acala to be unaffected. 
Godfrej" (3) , in an intensive study of the pineapple root system as affected 
by the root-knot nematode, describes a situation that appears applicable to 
the cotton plant. He found a common condition in which the primary roots 

2 Personal commimieation witli G. M. Armstrong. 
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escaped serious injury and the plants became well-established, permittino' 
good initial root and plant growth and good plant-crop yield. Also, in later 
stages of plant growth, he found that heavy infections may occur as the 
result of^ the gradual building up of a high nematode population from 
primary infections in branch rootlets and small roots resulting in the com- 
mon condition of long main roots relatively free from infection, and new, 
short, heavily infected axillary roots. Prom the experience of numerous 
investigators (10) considerable crop loss from root knot results from the 
planting of wilt-susceptible or moderately susceptible varieties of cotton on 
wUt- and nematode-infested soils. The resultant yield losses can be partly 
attiibuted to the effect of the root-knot nematode in increasing the wilt 
infection. 

DISCUSSION 

The writer’s experience indicates that resistance to root knot has been 
established only in those varieties selected for wilt resistance in Coastal 
Plain soils. Susceptibility to root Imot presumably increased susceptibility 
to wilt in segregating progenies ; and such lines were eliminated in the proc- 
ess of breeding for wilt resistance. The writer is not aware that any of the 
originators of root-knot-resistant varieties have given direct attention to this 
problem ; consequently, it is assumed that such root-knot resistance as occurs 
was incidental and resulted through selection for wilt resistance on soils 
infested with both parasites. 

The greatest promise of obtaining higher yielding, wilt-resistant varieties 
ot cotton at present involves the hybridizing of wilt-resistant types with the 
earlier higher-yielding varieties, such as Stoneville 2B, Miller, Deltapine 
and others. Thus It appears that the introduction of susceptibility factors 
or ot wilt and root knot will considerably reduce the probability of 

G J’oot-knot-suseeptible parent will depend upon the 

speed With which resistance to these two factors can be reestablished in the 
segregating progenies. The relationship of root-knot resistance to wilt resis- 

ee suggests the importance of giving direct attention to the root-knot 
reaction of segregating material, and the management of breedino- plots to 
insure maintenance of a severe root-knot infestation in combinatS; Stl I 
abundance o( w.lt inoculum. It was pointed out that a fairly 

Delfos 425 and Dixie Triumph 06-366. However, it appears of uar 

fo? toS S'n I udlt-resistant varieties 

pL2r “ to both 

In snmmatiting the reaults of a regional study of cotton Tarieties ™,„ 

e;Si”'; ^ - 

'•crying nematode infestathL md dSeS'^in varietur'’' “ 

bination of ,iit and nematodee... The“c“ rS'^ird^re'^^^^^ 


1941] Smith: Fusarium Wilt of Cotton 1107 


ill siiseeptibility to root knot reported in this paper further substantiates 
this conclusion. 

SUMMARY 

Some preliminary observations are presented to show that the more im- 
portant cotton varieties ciirrently planted in the southeastern United States 
vary widely in root-knot resistance. Resistance to root knot appears asso- 
ciated with wait resistance; but it is suggested that this is incidental, since 
some wdlt-resistant varieties show no more root-knot resistance than wdlt- 
susceptible and semi-resistant varieties. 

Resistance to root knot w^'as confined to wdlt-resistant varieties that were 
originated in lighter Coastal Plain soils, w^hereas none of the wilt-resistant 
varieties originating in the heavier sparsely root-knot-nematode infested 
soils of Mississippi and Louisiana showed root-knot resistance. 

Varieties combining root-knot and wilt resistance are required for 
Coastal Plain conclitions. These observations indicate that, while such com- 
bined resistance has been secured in some cases without conscious effort in 
breeding for root-knot resistance it may be highly important for the breeder 
and pathologist to devote some attention to root-knot resistance. 

A system of numerical evaluation of root-knot infestation in cotton 
plants is described showdng that it is possible to classify increasing root-knot 
severity by increasing numbers, wdth 0 representing plants void of root-knot 
galls and 1 to 4 representing percentages of roots infested at increments of 
25 per cent. 

Georgia Agricultural Experiment Station 

AND 

Bureau op Plant Industry, 

U. S. Department of Agriculture, 

Experiment, Georgia. 
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THE SPORE-GERMINATION METHOD OF EVALUATING 
FUNGICIDES^ 

P.D.Peteeson2 
(Accepted for publication April 5 , 1941) 

Of the methods that have been developed for testing protective fungicides 
in the laboratory, the spore-germination method, outlined in 1910 by Red- 
dick and Wallace (7), and further developed by MeCallan (3), is now, 
undoubtedly, the one most widely used. In MeCallan ’s procedure fungous 
spores are dispersed in an aqueous suspension or solution of the toxic agent 
and pipetted as drops onto chemically clean glass slides, or the slides may 
be sprayed with toxic agent and the aqueous suspension of spores pipetted 
onto the sprayed surfaces. Preferably, 4 drops are placed on each slide 
and 4 slides in a standard moist chamber — a large Petri dish containing a 
glass slide rack and assembled, cover down, to permit the use of a water 
seal. The sealed chambers are set aside for 12 to 18 hours— or more— at 
desired temperatures to allow time for germination. Counts of germinated 
and ungerminated spores are made either under the low or high power of 
the microscope. 

The procedure outlined has the virtue of simplicity, and, with minor 
modifications, has proved its worth in the hands of numerous investigators. 
In the writer’s experience with it, however, the method is faulty in that it 
makes no provision for standardization and stabilization of the test drops 
on sprayed slides. If the spray contains a wetting agent the drops contain- 
ing the spores tend to flatten and spread, frequently flowing together or off 
the slide during their 12 to 18 hours in the moist chamber. If the dried 
spray residue is water-repellent the drops tend to round up as flattened 
spheres. A slight jar in handling, however, may cause them to run together 
or off the slide. Naturally, the loss of drops lowers the efficiency of the test. 
Lack of uniformity in depth and configuration of the drops also lowers effi- 
cieney and may affect spore germination. 

It IS the purpose of this paper to outline a procedure whereby practical 
s andardization and stabilization of test drops can be attained. The pro- 
cediire was applied by the writer to extensive tests with sulphur fungicides 
at the Umversity of Delaware in 1933 and 1934. It is particularly well- 
a apted to the evaluation of fungicides containing wetting and spreading 
agents, but can be used also to evaluate other sprays. 

8, 194^^^'°^'^'^ Agricultural Experiment Station Eeb. 

D-lawaro in 1933-1934, to ^ of /raSl University of 

n’lHlics in particular to express Ms apprecfation of writer 


^ Plant PatholoM^r me experimental work v 

-i Luit ramoiogist, r reeport Sulpliur Company, New York, N. Y. 
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MODIFIED SPORE-GERMINATION TECHNIQUE 

The writer’s method is similar in principle to that described in 1935 by- 
Montgomery and Moore (6), who pipetted measured amounts of test mate- 
rials onto 15-mm. circles cut into glass slides. In the writer’s procedure' 
12-mm. glass circles, such as are in common use as cover glasses, are glued to* 
the slides with petrolatum where they serve as standard surfaces onto which 
measured amounts of nutrients, toxic solutions and spore suspensions are 
pipetted either separately or in combination. ' In setting up a test the glass- 
circles are washed in soap solution, boiled in potassium dichromate-sulphurie 
acid cleaning solution, and stored in distilled water. Just prior to use they 
are boiled in distilled water, transferred to paper toweling to dry, picked up 
singly with cover-glass forceps, flamed quickly, and deposited while still hot 
about 1 mm. apart on 75 x 25 mm. glass slides, the upper surfaces of which 
have been coated with a thin smear of petrolatum. Five circles are placed 
along each side of a slide, final spacing being effected by pressing lightly 
with cover-glass forceps on the center of each circle, and, with slight oscil- 
lating movement, forcing it into position. Excess petrolatum and air 
bubbles are squeezed from under the circles with the same movement, the 
petrolatum forming a low ridge around each circle, which acts as an effective 
barrier against bridging between drops. 

The technique of coating the slides with petrolatum is important. Only 
enough — ^less than the thickness of a glass circle — ^is smeared on each slide 
with the finger to permit squeezing any air bubbles from under the circles. 
If used in excess, the petrolatum will tend to creep over the edges of the 
circles and encroach on the surfaces onto which the test materials are to be 
applied. 

Toxic solutions and spore suspensions may be pipetted, separately or 
in combination, in measured amounts onto the circles. In tests with sulphur 
fungicides, however, the writer found it expedient to transfer the fungicide 
to the circles with a solid glass rod, about 3/16 in. in diameter and 6 in. long, 
one end of which had been polished crosswise on a fine carborundum cloth. 
In setting up a test, a 10-ml. quantity of the aqueous sulphur suspension 
was placed in a 100-ml. beaker, swirled and tilted to stir, leveled, and a 
single drop picked up by dipping the polished end of the rod into the sus- 
pension the full depth of the liquid — about J inch. The rod was removed 
vertically with a quick movement and the resulting hanging drop was 
applied to the center of a circle and teased to the margin by a slight oscillat- 
ing and vertical movement of the rod. A single drop was applied to each 
circle ; rates of application were varied by diluting the original suspension 
and proceeding with 10-ml. quantities, as before. The aqueous spore sus- 
pension was applied in sufficient amount — ^usually two drops — to completely 
flood the circle (Fig. 1). 

The advantages of this procedure are readily apparent. The capacity 
of each slide is more than doubled — 10 test drops are used in place of the 
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usual 4. Fungicidal dosage is accurately controlled and variability in depth 
and configuration of drops is practically eliminated. The tendency of drops 
to bridge and flow together or off the slide is almost entirely overcome. 
Slides can be jarred without loss of drops. Handling of slides while 
assembling the test and in making germination counts, therefore, is greatly 
facilitated. 


Fig. 1. Moist chamber eontaining improvised slide rack holding 4 slides in spore- 
germination test. Each 75x 25 mm. slide carries 10 test drops on chemically clean 12-inm. 
glass circles glued to slide with petrolatuni. Lower end of glass rod is used to pick up 
hanging drop of sulphur suspension in water for transfer to circle. Pipette is used for 
adding spore suspension in nutrient solution. Beaker (100 ml.) serves as container for 
sulphur sus]3ension. 

EXPERIMENTAL RESULTS 

No attempt was made to establish the superiority of the modified proce- 
dure over that used by McCallan and others. It was readily apparent that 
the standardization of test drops greatly reduced variability in spore ger- 
mination within a test. Germination continued to vary from test to test, 
however, dropping to 30 per cent in some tests and approximating 100 per 
cent in others. A quick study of factors affecting germination of Sclerotinia 
fructicola revealed that the manner in which the conidia were removed from 
culture greatly influenced germination. If removed with needle or brush, 
so as to avoid contact with the substratum, they germinated weakly or not 
at all. If "washed quickly from culture with distilled water, germination 
was low and weak; if removed from test-tube culture on potato-dextrose 
agar, only after prolonged shaking with distilled water, germination was 
high and vigorous. Since this indicated the need of nutrients to insure 
satisfactoiy germination studies were made to determine suitable kinds and 
amounts. 

Data relating to the effect of spore concentration and nutrients on spore 
germination are given in table 1. Comparisons are made between spores 



1941] 


Peterson : Evaluation of Fungicides 


1111 


removed from test-tube culture on potato-dextrose agar with a camel-hair 
brush, and spores washed from the same culture with distilled water. Spore 
concentrations were determined by counting the spores at the greatest spore 
dilution in 20 microscopic fields 380 ^ in diameter. 


TABLE 1. — Effect of spore concentration and nutrients on the germination of conidia 
of ScJerothiia f ructicola grown 071 potato-dextrose agar 


S}>ores remo ved from culture with camel-hair brush 

Spores washed 
from culture 


Percentage germination in 
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Wash 

Wash 

Wash 
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water 

water 
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per 
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high- 
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water 
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p-d 

p-d 

on p-d 
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water 
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Fer cent 

112 

100 

94 

13 

31 

9 

120.0 

98 

56 

100 

99 

61 

53 

10 

60.0 

99 

28 

100 

99 

91 

40 

5 

30.0 

100 

14 

100 

100 

95 

28 

1 

15.0 

99 

7 

100 

100 

95 

11 

0 

7.5 

99 


Keferring to table 1, it is quite apparent that sufficient nutrients were 
extracted in the process of washing spores from culture on potato-dextrose 
agar with distilled water to insure high and uniform germination — 98 to 
100 per cent — at all spore dilutions. Spores removed from the same culture 
with a camel-hair brush so as to avoid nutrient coiitainination germinated 
weakly or not at all in distilled water. Dilute dextrose solution was slightly 
to moderately stimulatory, depending on spore concentration; extracts of 
potato-dextrose agar were moderately to highly stimulatory, depending on 
age and previous treatment of the agar. The results serve to explain the 
erratic germination of conidia of Sclerotinid fructicola removed from com- 
mon substratum in variable manner, but are not sufficiently quantitative to 
provide a satisfactory basis of procedure. 

Tables 2 and 3 represent experiments separated in point of time by 2 
days. Both percentage germination and germ- tube length are given as 
indices of the effect of nutrients, spore concentration, and sulphur on the 
germination of conidia of Sclerotinia. Difco potato-dextrose agar and bacto- 
dextrose were used as the source of nutrients. The potato-dextrose agar 
extract was made by macerating 2.0 g. of the dry powder in 100 ml. of water 
for 1 hour with occasional shaking, filtering to remove solids, and autoclav- 
ing at 15 lb. steam pressure for 20 minutes. The sulphur, a microfine paste 
made up of particles 5 p in diameter and finer, was diluted to a 0.002 per 
cent sulphur eoncentration for use in these tests. Spores were removed 
from 12- and 14-day-old cultures on potato-dextrose agar with a platinum 
needle. Nutrients, sulphur, and spores were pipetted separately onto the 
glass circles, resulting in a further dilution of the nutrients and sulphur to 
about >; the concentration given in the tables. 
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concentration, and sulphur on the germination of coniMa of Sclerotinia fructicola. Germination period 
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The experiments are reviewed together to compare trends set up by the 
several variables. Dextrose solution was less stimulatory than potato- 
dextrose agar extract. Germination decreased as nutrients decreased, 
whether the nutrient was dextrose or potato-dextrose agar extract. In 
potato-dextrose agar extract at minimal nutrient levels, germination in- 
creased as spore concentration decreased. In dextrose solution germination 
tended to reach a maximum at the intermediate spore concentrations, de- 
creasing toward either extreme. 

The effective dosage range of potato-dextrose agar extract is indicated 
in table 2. The extract made from 2.0 g. Difco potato-dextrose agar was 
fully stimulatory at all spore concentrations ; the 0.5 g. extract induced high 
germination at and below 56 spores per high-poumr field j the 0.125 g. extract 
induced high germination at and below 28 spores per high-power field ; the 
0.032 g. extract failed to induce satisfactory germination at any spore con- 
centration. 

The inclusion of sulphur in duplicate experiments reduced percentage 
germination in dextrose solution and potato-dextrose agar extract, reduced 
geim-tube growth in potato-dextrose agar extract, and increased germ-tube 
growth in dextrose solution (Table 3). The growth-stimulatory effect of 
sulphur in dextrose solution can best be ascribed to the nutrient nature of 
Bindex, the wetting agent used in processing the sulphur. Supplementary 
tests with Bindex, a waste sulphite-liquor concentrate, proved it to be 
stimulatory. 

DISCUSSION 

Data listed in tables 1, 2, and 3 supplement information published by 
MeCallan and Wilcoxon (4, 5) and Wilcoxon and MeCallan (8) regarding 
the stimulatory effect of aqueous plant extracts on fungous spores. In 
general, the data support the 1939 findings (5) of these authors relative to 
Sclerotinia fructicola. None of the several isolates of ScleroUnia fmcticola 
from peach used by the writer in studies with sulphur fungicides produced 
conidia that would germinate satisfactorily in distilled water. These find- 
ings add weight to accumulating evidence that the high germinability of 
the conidia of this fungus in distilled water, as reported in the literature, 
probably was due to nutrient contamination. The common procedure of 
washing spores from culture, whether decayed fruit or artificial media, will 
usually supply sufficient nutrients to stimulate high germination, although 
it is frequently necessary to add nutrients to induce vigorous germination. 

As to sources of nutrients, Wilcoxon and MeCallan (8) have called 
attention to the stimulatory properties of tomato, orange, apple or pear 
mice, and aqueous extract of lily bulbs and gladiolus conns, and dahlia or 
potato tubers. The writer found Difco potato-dextrose agar a satisfactory 
and convenient material with which to make nutrient extracts Extract of 

prune agar proved somewhat less stimulatory. Dextrose alone was weaklv 
to moderately stimulatory. 




purpose. 


Tlie common procedure of germinating fungous spores in drops of water 
glass slides that have been sprayed with fungicides, as in the spore- 
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Dilution of spores produced different effects in different nutrients. In 
potato-dextrose agar extract at low nutrient levels, germination increased 
when spore eoneentration was decreased; in dextrose solution germination 
Avas high at intermediate spore concentrations and low at either extreme. 
At the intermediate concentrations in dextrose solution the spores appeared 
to be mutually stimulatory, possibly because of substances from wdthin the 
spores or of trace nutrients carried on the surface of the spores. Spore 
washing and centrifuging tests by MeCallan and Wilcoxon (4) and perfu- 
sion tests by Goldsworthy and Green (1) indicate the probability of surface 
contamination. However, the failure of dextrose to stimulate germination 
at extremely low spore concentrations may have been because of trace 
amounts of toxic substances in the test materials, the effect of which 
was masked at the higher spore concentrations and when the more stimula- 
tory potato-dextrose agar extract was used. This assumption is borne out 
by the fact that when sulphur was added to the potato-dextrose-agar extract 
(Table 2) the resulting germination trends closely approximated those of 
dextrose without sulphur (Table 3). 

Kecent spore-germination studies by Lin (2) bear on this same point. 
Lin finds that when dextrose is used as the sole stimulatory agent for eonidia 
of Sclerotinia fructicola, germination is affected adversely by trace im|)uri- 
ties in the glassware and distilled water. The test, in fact, is so sensitive 
that it would seem to preclude the use of dextrose as the sole stimulant in 
routine tests of fungicides. The more highly stimulatory substances, such 
as orange juice or potato-dextrose-agar extract, would seem to be the better 
choice. 

The depression of germination due to crowding of spores at high spore 
concentrations (Tables 2 and 3) can be overcome by increasing the amount 
of nutrient. This, however, is of no practical significance in fungicidal tests, 
since, at these spore concentrations, the tendency of the spores to clump 
together makes germination counts difficult and inaccurate. In the writer ^s 
experience, about 20 spores per high-power field of 380 p diameter is a 
desirable maximum for eonidia of Sclerotinia, At this spore concentration, 
a nutrient solution made by extracting 0.1 g. of Difeo potato-dextrose-agar 
powder in 100 ml. of distilled water for 1 hour usually will provide satisfac- 
tory germination. To decrease the sensitivity of the test the nutrient con- 
centration should be increased ; to increase sensitivity the nutrient concen- 
tration or spore concentration or both should be decreased. 

Prior to routine use in spore germination tests it is suggested that each 
lot of potato-dextrose agar be subjected to biologic assay. The type experi- 
ment represented by the upper half of table 2 should be useful for this 
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germination metliod of testing fungicides, makes no provision for the stand- 
ardization and stabilization of the drops on the slides. 

A modified procedure is outlined whereby practical standardization and 
stabilization of drops can be attained by gluing 12-mm. glass circles to the 
slides with petrolatum, where they serve as standard surfaces onto which 
measured amounts of fungicides and spores are pipetted either separately or 
in combination. Through this procedure a single 75 x 25 mm. slide can be 
made to carry as many as 10 different treatments. A hanging-drop method 
of applying the fungicide is described. 

Conidia oi Scleroiinia fructicola from peach failed to germinate satis- 
factorily in distilled water when so removed from sporulating surface as to 
avoid contamination with nutrients from the culture media. Of the several 
nutrients tested, including dextrose, prune-agar extract, and potato-dex- 
trose-agar extract, the latter proved to be the most highly stimulatory to the 
conidia of Sclerotinia fructicola. A nutrient solution made by extracting 
0.1 g. of Difco potato-dextrose agar powder with 100 ml. of water was found 
to produce high percentage germination. An experiment is outlined 
whereby each lot of the dry powder can be assayed as to stimulatory dosage. 

Depaetment of Plant Pathology, 

Delawaeb Ageicultxjral Experiment Station, 

Newark, Delaware. 


LITERATURE CITED 

Goldsworthy, M. G., and E. L. Green. Effect of low concentrations of copper on 
germination and growth of conidia of Sclerotinia fructicola and Glomerella 
cingulata. Jour. Agr. Res. [U.S.] 56: 489-505. 1938. 

Lin, G. K. Necespry precautions in germinating purified conidia of Sclerotinia 
fructicola (Wint.) Rehm. (Unpublished data submitted as a term paper in 
Plant Pathology Gourse No. 201, Gornell University.) 1940. 

McGallan, S. E. a. Studies on Fungicides. II. Testing protective fungicides in 
the laboratory. Gornell University Agr. Exp. Stat. Memoir 128: 8-24. 1930. 

~ , and F. Wilcoxon. The action of fungous spores on Bordeaux mixture. 

Gontrib. Boyce Thompson Inst. 8: 151-165. 1936. 

; 'j ^ analysis of factors causing variation in spore 

germination tests of fungicides. I. Methods of obtaining spores. Gontrib. 
Boyce Thompson Inst. 11: 5-20. 1939. ■ 

Montgomery, H. B. S., and M. H. Moore. On a new method for precision testing in 
the laboratory of the toxicity of lime-sulphur and of Bordeaux mixture as pro- 
tective fungicides. Ann. Rep. East Mailing Res. Stat. 1934: 217-222. 1935. 

Reddick, B., and E. Wallace. On a laboratory method of determining the fungicidal 
volume of a spray mixture or solution. Science 31 : 798. 1910. 

Wilcoxon, F., and S. E. A. McGallan. The stimulation of fungus spore germination 
by aqueous plant extracts. Phytopath. (Abstract) 24: 20. 1934. 




CHANGES IN NITROGEN AND VIRUS CONTENT OF 
DETACHED TOBACCO LEAVES IN DARKNESS 

William N . T a K a h a s h i 
(Accepted for publication March 22, 1941) 

INTRODUCTION 

The utilization of proteins, as well as carbohydrates, in the respiration 
of starved leaves has been shown by early workers through the use of 
detached leaves. When leaves detached from plants are cultured in dis- 
tilled water a gradual increase in water-soluble nitrogenous substances 
arising largely from the steady hydrolysis of protein has been shown to take 
place. A conspicuous decrease in protein nitrogen in detached tobacco 
leaves was recently shown by Vickery, Pucher, Wakeman, and Leavenworth 
(7) to occur when cultured in distilled water, dilute glucose solution, or 
nutrient mineral solution, regardless of whether they were stored in light 
or in darkness. However, after the first 72 hours the rate of protein dis- 
integration diminished where opportunity for photosynthesis was afforded. 
As would be expected leaves cultured in distilled water in the dark showed 
the greatest protein hydrolysis. 

The culture of detached leaves in water may be considered as a type of 
starvation, where katabolic processes continue and synthesis is retarded or 
even halted, leading to premature degeneration of leaf tissue. A study of 
the changes in nitrogen and virus concentration in such leaves was under- 
taken with the hope that some knowledge as to the relation of host metabo- 
lism to tobacco-mosaic virus increase might be gained. 

EXPERIMENTAL WORK 

Changes in Nitrogen During Dark Culture 

The changes in the distribution of nitrogen and in virus concentration 
were studied in 3 series of detached tobacco leaves, as follows: (1) Mosaic 
leaves. Leaves taken from plants inoculated 4 weeks previous to detach- 
ment, (2) Mosaic4noculated leaves. Leaves inoculated immediately after 
detachment, (3) Healthy leaves, Noninoculated leaves from healthy plants. 

In each series 4 comparable lots of 20 mature leaves each were taken 
from 20 uniform Turkish tobacco plants. One lot from each series (0 day) 
was shredded, placed in a covered glass container, and frozen immediately 
on harvesting, while the remaining 3 were placed with petioles in distilled 
water and stored in a darkened room at about 25° C. After the lapse of 3, 
6, and 9 days a lot was withdrawn from each series, shredded, and frozen 
until ready for analysis. 

Procedure for Following Changes in Nitrogen,— Fov the frozen 

lot was passed through a meat grinder, weighed into 2 equal subsamples, 
and, by adding M/10 Na 2 HP 04 , each was brought to a weight twice that of 
the original fresh weight of the subsample. 
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One subsample was used for the study of nitrogen changes and the other 
to determine virus concentration. The juice was extracted from each sub- 
sample by wringing the diluted macerated tissue in cheesecloth. The pulp 
was extracted twice with enough distilled water so that the weight of the 
pulp plus that of the extract would be 4 times the original fresh weight of 
the subsample. The pulp, together with the deposit resulting from the 
centrifugation of the extract, was dried for 10 hours in an oven at 60° C. 
This mixture is referred to hereafter as the leaf residue. 

The distribution of nitrogen and the extent to which proteins were hydro- 
lysed during the culture were followed by separating the nonhydrolysed 
protein from the hydrolysed portion in the extract with trichloracetic acid. 
The precipitate that is formed when this reagent is added has been consid- 
ered to contain all nonhydrolysed native and virus protein ; and the super- 
natant liquid, the products of hydrolysis. The precipitate wms readily 
removed by centrifugation. The clear supernatant liquid, the precipitate, 

TABLE 1. — The changes in hjeldaJil nitrogen in detached tohacco leaves during darlc 
culture. (Figures denote 'milligrams of nitrogen ver 100 arams of orioinal frcsth ‘inpinhf. \ 


Series 

Eraetinn 

i 

Liu'ation of 

dark culture 



0 day 

3 days 

6 days 

9 days 


Supernatant 

Exp. 

1 

67.4 

93.3 

154.5 

163.4 


liquid 


2 

51.1 

84.0 

100.5 

97.2 




3 

39.3 

75.6 

105.7 

: 107.9 


Trichloracetic 

Exp. 

1 

98.0 

91.5 

88.5 

83.2 

Mosaic 

precipitate 


2 

65.9 

61.5 

60.6 

59.2 




3 

75.9 

93.7 

85.8 

82.6 


Leaf 

Exp. 

1 

287.6 

210.0 

219.6 

198.0 


residue 


2 

3 

197.2 

154.0 

136.4 

147.2 


Supernatant 

Exp. 

1 

45.3 

91.2 

110.6 

105.2 


liquid 


2 

47.3 

75.5 

107.3 

112.7 




3 

42.1 

61.9 

83.5 

99.8 


Trichloracetic 

Exp. 

1 

23.2 

23.1 

27.3 

28 9 

Mosaic-inoculated 

precipitate 


2 

32.1 

29.7 

27.0 

25.5 




3 

36.3 

33.8 

24.9 

26.1 


Leaf 

Exp. 

1 

135.8 

87.6 

78.6 

64.8 


i residue 


2 

156.0 

140.4 

95.6 

92.0 




3 

148.8 

125.6 

1 73.6 

88.0 


Supernatant 

Exp. 

1 

35.3 

75.8 

97.6 

98.5 


liquid 


2 

39.7 

66.2 

101.6 

106.4 




3 

. 48.9 

63.9 

89.2 

107.5 




4 

1 39.5 

64.9 

84.5 

91.1 


Trichloracetic 

Exp, 

1 

26.5 i 

23.8 

23.7 

20.9 

Healthy 

precipitate 


2 

33.1 i 

38.9 

24.1 

22.6 




3 

36.2 

31.9 

26.9 

26.1 




4 

17.5 

19.2 

21.1 

20.2 


Leaf 

Exp. 

1 

135.8 

89.2 

71.8 

65.6 


residue 


2 

121.2 

96.8 

73.6 

73.2 




3 

122.0 

112.4 

90.8 

84.0 




4 

134.0 

113.6 

76.1 

74.0 












and the leaf residue were analysed for total nitrogen by the microkjeldahl 
method. The increase of nitrogen in the supernatant liquid or the decrease 
of nitrogen in the precipitate and leaf residue has been taken to indicate the 
degree of proteolysis. 

Hydrolysis of Leaf Protein.— In all 3 series the hydrolysis of protein is 
quite noticeable. Table 1 shows that after 9 days there has been an increase 
of more than twofold in trichloracetic-soluble nitrogen (supernatant 
liquid). The concurrent decrease in leaf residue nitrogen suggests that 
much of the trichloracetic-soluble nitrogen was derived from this source. 
Furthermore, that this leaf -residue nitrogen was protein nitrogen was indi- 
cated by the work of Vickery and his associates (7) who extracted a fraction 
corresponding to our leaf residue with alkali and proved by various chemi- 
cal tests that the extracted material consisted largely of proteins. When 
their extracted residue was treated with proteolytic enzymes a large part 

of tlie nitrogen was rendered soluble. 

Although the nitrogen of the precipitate also tends to decrease, the c i - 
ferences are not very striking nor in all cases consistent. 

In the tendency of their proteins to undergo hydrolysis during dark 
culture, the behavior of mosaic and mosaic-inoculated leaves was found not 
to differ essentially from that of the healthy leaves. 

Changes in Virus Concentration During Dark Culture 

In detached leaves from diseased plants (mosaic leaves) or in freshly 
inoculated leaves (mosaic-inoculated) water-cultured in the dark, the viiris 
protein would be expected either to (a) be digested by the living p ant cell 
during respiration as are most normal leaf proteins; (b) resist digestion 
but cease to increase; or (c) continue to increase in the face of increased 

^ Biological Method of Determining Virus Concentration.— The increase 
or decrease of active virus during the progress of culture was to lowed by 
the usual biologic method of inoculating opposite halves oi Nicohana glu- 
tinosa leaves (2, 5) with extracts from leaves made at each succeeding m er- 
val Since it was possible that normally unextractable virus might be 
released from the degenerating leaf tissue or might become more completely 
disaggregated, and thereby lead to an erroneous conclusion regarding v r . 
concehration, extracts from subsamples that had been treated with trypsin 

to disaggregate the virus were used for inocula. t * i. 

To one set of subsamples 2 mg. of Fairchild’s trypsin was added to each 
o-ram of tissue based on its original fresh weight, adjusted to pH 7. , pre- 

“ a V .»<! mc.b.tea for 36 hours .t 38" C After the ju.c. 

h.a bee.1 extraelea a, Aeseribea above, a portion ot each ms 

heated for 20 minutes at 70° C. to inactivate the trypsin U)- It was touiic 
that inocula prepared in this way show an increased activity when compaiet 

to Nitrogen Chang esr-TNhen the primary lesions of 
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each set of 20 corresponding half leaves are compared in experiments 2 and 
3 of the mosaic series of table 2, there appears to be a slight increase in virus 

TABLE 2. — The changes in virus content of detached tobacco leaves during darlc 
culture. Local lesions on BO half leaves of Nicotiana glutinosa 


Series 


Dilution 

0 day 

3 days 

3 days 

6 days 

6 days 

9 days 


Exp. 1 

1:100 

904 

556 

438 

491 

497 

488 

Mosaic 

2 

1: 400 i 

87 

138 

139 

209 

158 

196 


3 

1: 100 

822 

976 

857 

973 

946 

.1059 


Exp. 1 

1: 4 

1 

27 ' 

34 

252 

: 348 ' 

253 

XtX U O JL 

inoculated 

2 

3 

1:4 

1 

4 



■ 1 i 

101 

192 

721 


concentration with time of storage, e.g.y the 3 day period shows an increase 
in number of local lesions compared with the 0-day, the 6-day period over 
the 3-day, etc. The inconsistent results of experiment 1 are believed to be 
due to some error, introduced during the handling of the material. 

These infectivity studies show that the virus, at least, did not decrease 
during the culture period, and, therefore, w^as not used by the leaf cells. 
Although virus was present in abundance, the starving plant cell was not 
capable of hydrolysing this foreign protein to maintain its own respiration. 

The multiplication of virus in detached, healthy, tobacco leaves inocu- 
lated with tobacco-mosaic virus in sand culture was studied by Purdy (4) . 
Since she made no attempt to select mature leaves or exclude light and 
thereby arrest photosynthesis and further growth during 4 to 5 weeks of 
culture, many of her leaves developed adventitious roots and elongated from 
0.6 to 14 per cent. Although visible leaf symptoms were not observed, the 
multiplication of virus was demonstrated by successful transfers of the virus 
to healthy tobacco plants and hy the formation of inclusion bodies. Holmes 
(3) has reported the increase of virus in the absence of chlorophyll and light. 
He inoculated etiolated pieces of potato stem with tobacco-mosaic virus, and 
kept these in sterilized test tubes in the dark. That increase in virus took 
place was shown by the increasing numbers of local lesions when pieces of 
stem were withdrawn over a period of 16 days and used for inoculation of 
Nicotictna glutinosa leaves. The increase of tobacco-mosaic virus in whole 
tomato plants under similar conditions was also studied by Holmes. 

Increase of Virus During Dark Culture . — The slight increase in virus 
concentration shown by the mosaic series in table 2 might be attributed to 
several causes: (a) actual multiplication of virus, (b) release of virus from 
degenerating host cells; (c) dispersion of virus aggregates or (d) to a com- 
bination of these causes. If the virus concentration of detached leaves 
initially low in virus were found to increase under the same cultural con- 
ditions the virus increase might then be considered to be actual. The mosaic- 
inoculated series (leaves inoculated at the time of detachment) served to 
clarify this problem. 

The infectivity studies of the mosaic-inoculated series (Table 2) indicate 
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a progressive increase of virus. Experiment 2 shows that considerable virus 
has formed in 9 days. There is little room for doubt in this ease that actual 
virus increase took place. The virus, moreover, has increased concurrently 
with host-protein breakdown, where degeneration of leaf tissue rather than 
growth is taking place and where meristematic cells probably are lacking. 
If it can be assumed from the finding that soluble nitrogen continued to in- 
crease during culture in darkness that the further synthesis of normal pro- 
teins by the host cells had ceased or had fallen to a low rate, then it would 
appear that the increase of virus protein is not dependent solely on the 
ability of the host cells to synthesize normal proteins. 

Effect of Leaf-Staryation on Inclusion Bodies 

The fate of inclusion bodies in leaves of the mosaic series was followed 
by stripping the lower epidermis from the cultured leaves at different inter- 
vals and examining the size, shape and structure of the bodies in an attempt 
to gain evidence regarding their degeneration. Although striate material 
and hexagonal plate-like bodies were quite numerous, no conspicuous change 
in appearance was observed. These abnormal cell inclusions apparently 
may not be drawn upon by the host for sustenance. In epidermal strips 
taken from leaves of the mosaic-inoculated series inclusion bodies were not 
visible in 9 days. It is entirely possible that inclusion bodies are not formed 
until a much higher concentration of virus is reached in the cell. 

Effect of Starvation on Stream Double Refraction 

The property of the extracts to exhibit stream double refraction was not 
destroyed by dark culture ; a fact which indicates that the elongated form 
of the virus particles was not destroyed by the action of hydrolytic enzymes 
of the plant. Stream double refraction was detected in extracts from leaves 
of the mosaic-inoculated series, which had been cultured for 6 to 9 days. 
This shows that the virus had reached a sufficiently high concentration 
within 6 days to produce this phenomenon. Extracts from healthy leaves 
that had been frozen and centrifuged did not show stream double refraction 
in any of the lots.^ 

SUMMARY 

During dark culture the tendency of proteins to undergo hydrolysis in 
mosaic and mosaic-inoculated leaves did not differ from that of the proteins 
in the healthy leaves. 

Tobacco-mosaic virus multiplies in mature detached tobacco leaves stored 
in the dark with petioles in distilled water and hence does not seem to require 
meristematic cells or actively growing tissue for its multiplication. 

Tobacco-mosaic virus multiplies under conditions where hydrolysis of 
host proteins has been enhanced and host proteins are low. 

1 Extracts from healthy leaves show stream double refraction only when fresh. 
Freezing followed by centrifugation eliminates from the extract the material responsible 
for stream double refraction in healthy leaves (6). 
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RELATION OP CBRATOSTOMBLLA RADIGICOLA TO RHIZOSIS 
OP THE DATE PALM^ 

DonaldE. Bliss 
(Accepted for publication April 6, 1941) 

INTRODUCTION 

Rhizosis, a potentially serious disease of date palms, has been known in 
the Coachella Valley of California since 1933. The sudden loss of large, 
vigorous palms has caused considerable apprehension among growers in 
certain districts. Evidence that rhizosis probably is caused by a species of 
Ceraiostomella was presented in a preliminary paper. ^ This fungus has 
recently been described under the name C. radicicola Bliss.^ 

During the first 3 years of the investigation (1933-1936), typical symp- 
toms of rhizosis w^ere studied in 21 palms located in 10 different date gar- 
dens, and the Chalaro-psis stage of Ceraiostomella radicicola was isolated 
from 10 palms in 7 gardens. In 1940 there was another outbreak of the 
disease, which caused the loss of approximately 80 palms. Isolations were 
made from the roots of 14 affected palms, but C. radicicola was not detected 
in any ease. Although there can be little doubt as to the pathogenicity of 
this fungus on date palm, the question arises whether there may not be 
other, yet unknown, causal factors. 

The first visible sign of rhizosis is a reddish-brown discoloration of the 
pinnae. Within a few days the leaves begin to wilt and die, the disturbance 
commencing in the lower whorls and progressing upward. The fruit stalks 
wilt suddenly; the dates, if still in the early stages of development, drop 
from the strands. Before all the older leaves have wilted, the tightly folded 
young leaves at the center of the crown lose turgor and become whitish. 
Affected palms may die within 4 to 6 weeks. 

Observations made from dissected palms indicate that the roots become 
necrotic and filled with fungi at an early stage in the disease. The leaves 
and trunk are apparently free from fungal attack until the top of the palm 
is badly wilted. Then the tissues surrounding the terminal bud become 
infested with bacteria and fly maggots, and decay is rapid. 

Since observations indicated that rhizosis is essentially a disease of the 
roots, attention was directed toward the factors of root injury. Many dif- 
ferent species of fungi were isolated from the roots, but Ceraiostomella 
radicicola was the only one that, in experimental inoculations, showed 
marked pathogenicity on date palms. It is the purpose of this paper to 
describe and illustrate the pathological effects of this organism on naturally 
and artificially inoculated date palms. 

1 Paper No. 432, University of Galifornia Citrns Experiment Station, Riverside, 
Galifornia. 

2 Bliss, Donald E. Rhizosis, a recently discovered disease of date palms. Date 

Growers^ Inst. Ann. Rept. 13: 4-6. 1936. 

3 Bliss, Donald E. A new species of Ceratostomella on the date palm. Mycologia 

33: 468-482. 1941. 
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PATHOLOGICAL EFFECTS OF CERATOSTOMELLA RADICICOLA 
Natural Infection 

The symptoms of disease associated with Ceraiostomella radicicola were 
ckariy shown in 2 date gardens. A summary of the observations made on 
the affected palms is given to indicate the nature of the disease in the field 
Specnn^ens were collected in October, 1934, from 2 large Deglet Noor date 
P.ims .. the Johnelen. The bases „t eeeenll/„i„ed Iea”r “e 

for the most part, free from fungus invasion. About one third of the nri’ 
mary roots were completely dead; many of the other primary roots eon- 
ained islands of brownish, necrotic tissue. In some of these partly necrotic 
00 s e esions centered about the bases of secondary roots. Affected tis 
sues from both the cortex and the central cylinder of the roots^^ 
sep ica y from 32 root segments. Ceraiostomella radicicola appeared in 

f no lT; (Tode) Harz, in 13; Fusarium spp in 

4; and mplodxa phoemcum (Saec.) Fawcett and Klotz, in 1 culture. ^ ’ 

KTn ^ * 1 ^ garden, in October, 1935, attention was called to a Deo-let 
Noor palm that was dying rapidly. About one third of the leaves had 
wi ted, and the fruit had become shriveled and worthless At that time tbe 
youngest leaves appeared normal, although the tru^haf not eW i ? 
more than 6 inches during the pre;eding year. Pr HminSv isue m T 

“iv'n/r’'" ““-s sr: 

Pralm sn 6 'r Ceraiostomella radicicola; 5, 

iZTm ’ ’ Kiitn ; 1, Rh. hataticola (Taub.) Butler 

.be te^inal bad .„d the 

“rjr roarao'rr. r;" 

JffeTted'r^otMptrilT' ^dX examination T/Ihe^ 

radicicola in 11 cases ' Some of tbe yielded Ceraiostomella 

sp., ap. (,), 

eased roots revealed masses of maerospores of the Chni ' ® ° ® 

radicicola in the xylem duets (Fig. 2, A) to points 2 ^ 

general root necrosis. These sections slse ^ ™ advance of 

(Mg. 4. C) .f ,h. faagaa i„ ?brtrade°.a„b™a ^r'"" “a 
vascular elements and in the cortical region. ' s^^rroundmg the 
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Fig. 1. Four root segments of a diseased Feglet Noor date palm. The roots were 
split longitudinally to show the dark, necrotic regions in the cortex and central cylinder, 
which hsid hem mvaded. hj Cer at ostomella radicicola. 


Fig. 2. Mycelium and spores of the Chalaropsis stage of Ceratostomella radicicola 
in the root of date palm,. A. Masses of spores in the xylem ducts of a naturally infected 
palm (xll6). B. Cortical tissue of an inoculated seedling palm, showing the destruction 
of the thin-walled parenchyma cells between the fibers (xll3). 



dinally throueh the terminal bad tn a. T • ’ o®“ter, plant cut longitu- 

right, another neerotirpTant ^ and necrosis of leaves and stem; 

lated leaveis wilted and died as a result of the rapid necrosis of the tissues 
surrounding the wound. 

Filially potted seedling-date palms yere iiioeulated suceesstnlly by in- 
sertmg moldy btan in ,,o„„ds i„ b„os below tl,e soil line In one 

mi .w*. I ! (Fig. 3). Sections made tbroush 

a ected plants revealed the inyeeliuni and 
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Artificial Inoculations 

Ihe first artificial inoculations were made by placing pure cidtures of 
Ceratostomella radicicola (grown on bran) in the top soil about potted seed- 

ling date palms. These trials gave negative results. The uext inoculatious 
were made by iusertiug the organism (grown on potato dextrose agar) in 
wounds on leaf bases of larger seedling palms. These inoculations were 
wrapped with waxed paper and sealed with adhesive tape to prevent desic- 
cation. The results were rapid and positive. Within 2 weeks the inocu- 
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radicicoZa within the leaf bases, trunk, terminal bud, and roots. The leaf 
bases and primary roots were decayed and blackened by the fungus. The 
mycelium was found advancing through the parenchyma (Pig. 4, A) of the 



Fig. 4. Mycelium and spores of Ceratostomella within cells of the date palm. 
A. Cross section through the leaf base of an inoculated palm, showing branched mycelium 
in parenchyma cells containing starch grains (x975). B. Macrospores formed within 
parenchyma cells of leaf base (x 975). C. Maerospores formed within a fibrous seleren- 
chyma cell of the central cylinder of a naturally infected root (x 445). 

leaf bases, where maerospores were formed withiii the cells (Pig. 4, B) . The 
parenchymatous tissues in the roots disintegrated, leaving blackened fibers 
and fungus spores in the region of the cortex (Pig. 2, B). The effect on 
the roots of the experimental plants was similar to that already described 
for naturally infected palms in the field. 

An experiment was undertaken to determine the effect of w^ounding on 
the susceptibility of seedling Deglet Noor palms to attack by Ceratostomella 


TABLE 1 . — 'Relative susceptibility of wounded and nonwomded seedling Deglet Noor 
date palms to attach by Ceratostomella radicicola 


Culture 

Plants nonwounded 

Plants wounded 

Number 

tested 

Number 
infected j 

Number 
tested 1 

Number 

infected 

None (control) 

7 

0 

8 

0 

B-252a 

' 7 ! 

. 3 

6 

■ 6' 

B-258D 

6 

0 

6 

5 

B-252a and B~258b 

■ 7 

■4 

4 

4 

B-312 

7 

3 

7 

7 


Single macrospore culture (idus strain). 
Single endospore culture (minus strain). 
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radicicola (Table 1), The fung’us was grown on bran and placed about the 
bases of 16-month-old palms growing in soil in 5-gallon containers. Some 
of the plants were wounded below the soil line with a sterile scalpel. Three 
different cultures of the fungus were used, 2 of which represented the plus 
and minus strains of this heterothallic organism. The plants Avere exam- 
ined after 4 months. The noninoeulated controls were free from infection. 
While all but 1 of the wounded, inoculated plants were diseased, only 37 
per cent of nonwounded, inoculated seedlings were affected. There was also 
a marked difference in the severity of attack on w^ounded and nonwounded 
plants. Where no artificial wounds had been made, the lesions were small, 
superficial, and centered about blemishes on the surface of the outer leaf 
bases. That these lesions were the result of inoculation was demonstrated 
by the reisolation of the fungus from necrotic tissues just below the epider- 
mis. The different cultures were about equal in their pathogenicity. 

Striking evidence of the action of Ceratostomella radicicola on tissues of 
the date palm was demonstrated in the laboratory. Nonwounded, green, 
Degiet Noor fruits were inoculated with a suspension of spores. On the 
4th day after the inoculation, dates began to fall from the fruit strands and 
to undergo rapid decomposition (Fig. 5). Most of the dates in the control 


Fig. 5. Groen nonwounded dates of Degiet Noor variety, 11 days after inoculation 
witli Ceratostomella radicicola: left, control; right, inoculated fruit undergoing rapid 
decay. 

jar retained a normal appearance until the lltli day, Avheu the experiment 
was ended. The ability of Ceratostomella radicicola to attack nonwounded 
green fruit is remarkable, since similar inoculations Avith Aspergillus niger 
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van Tiegli. and Alternaria citri Pierce, two of the most important fruit- 
spoilage fungi, produced no effect. 

CONCLUSIONS . 

Since Ceratostomella radicicola was found associated with rhizosis in less 
than one half of the cases investigated, there is reason to doubt whether 
this fungus is the only factor involved. In other words, it cannot be defi- 
nitely stated that C. radicioola is the cause of rhizosis, for many mature 
palms die suddenly with all symptoms of rhizosis the presence of 

C. radicicola in the roots. It may be reported with certainty, however, that 
this fungus is sometimes associated with rhizosis, and that, when inoculated 
into wounded seedling date palms, it causes rapid necrosis. Additional 
information regarding rhizosis must await further research. 

University of California 

Citrus Experiment Station,, ' 

Riverside, California. 
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VBETICILLIUM WILT OP STEAWPLOWER' 


C . M . Tompkins and P . A . j 
(Accepted for publication April 1941) 


A R K 2 


INTRODUCTION 

^ A serious wilt of strawflower (Helickrysum Iracteatum Andr.) one of 
the most important of the everlasting flowers grown in the United States 
ms observed in plantings near Montara, San Mateo County, California in 
the summer of 1938. Approximately i of the marketable crop of flowers 
was rendered unsalable just prior to picking, while, in 1939, i, and in 1940 | 
0 the crop was affected. Comparable losses also were sustained in field 
plantings on a coastal bench near Peseadero in the same county This dis 
ease was found to be a limiting factor in all plantings, amounting to approxi- 
mately 32 acres. In September, 1940, K. P. Baker reported to the ZZs 
J occurrence at Lompoc, Santa Barbara County, where the loss was less 
& giiifieant. Isolation and infection studies have shown that the disease is 
caused hy VeMhum alho-atrum (Eeinke and Berthold). A careful 

search of the literature indicates that strawflower has not piviouslv been 
listed as a host of this fungus. i e viousij oeen 

SYMPTOMS OP THE DISEASE 

in lhe'*eMb'Jd! '“Xi” md has not been obseTOl 

tteX: wmS‘.et:::rzrM: 

mar'-'ii (Pie r T; ? '•"«>»? “l»ng tie 

lx'’™ ^ ^mitrast to healthy leaves (Pi" 1 Al Still 

later, affected leaves become entirelv o,v.a n ^ 

to the main stem of the nlant bn!T ^ remaining attached 

compared with the healthy condition (Fio* 1 70) wb’ h ^ 

eonaiderable dis, .nee abo™ ,b. sod" eS Jrf 'W “ 

len^ of the s,.„ internodes, ,ia c.„s.,„en, stfn Jg . “jj'’ ' 

.ndfot! :.irsr:r.rr:?r”n 

in the stem In hnti. ^ vascular tissues similar to that 

mnains healthy. Also, thrs'trueLauTabiSro7^^^^^^ a"nf root 

« no. «e..,ad. aPected bp fnngns invasion, i indfcCC «.e“^ 

““ “™'«* «' Patholog,, tral,„i„ aii,.„,ia, 

ti-atioii is Jicknowledgedj'^P^jMrggll'^lig^®®® Poderal IVoi-ks Progress Adiniiiis- 
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infected plants, even after death, remain standing in the field. Diseased 
plants, however, are more easily pulled from the soil than healthy specimens. 

Occasionally, infected plants die just prior to the flowering period, or die 
without producing flower buds. Generally, however, they develop flowers 
and may remain alive for a considerable time after infection. 


Eig. 1. Symptoms produced by V eriioillium alho-atrum on strawfiower. A. 
Healthy leaf. B. General chlorosis and marginal necrosis of a leaf from an infected 
plant. 0. Cross and longitudinal sections of a diseased stem, showing vascular discolora- 
tion. D, Sections of a healthy stem. 

Infected plants do not occur in localized areas but are scattered through- 
out the field. Prom a distance, diseased fields give the appearance of having 
been scorched by fire. 

The principal effect of the disease, as far as the growers are concerned, is 
the reduction in number of high-grade flowers available for processing and 
marketing. Flowers produced on wilted plants are inferior in quality and 
size, and those that can be used yield only half as much revenue as the No. 1 
grade flowers (having a diameter of 1-| inches with a closed center after 
drying by artificial heat for 24 to 36 hours at 120® to 180® P. ) . Many flowers 
from diseased plants are so inferior in size and quality that they cannot be 
processed. In fields where the incidence of infection is higli (most fields 
averaging 90 to 100 per cent), less than 5 per cent of No. 1 grade flowers are 
produced. 
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The cool, clamp weather required for successful strawflower production 
is, likewise, ideal for the development and spread of the disease. Straw- 
flower wilt has been found on soil types ranging from peat 30 feet deep to 
sandy, gravelly soils. 

The Causal Fungus 

The causal fungus, V erticillhiM all)o-atrum^ was readily isolated from the 
roots and stems of recently infected strawflower plants by placing small 
tissue fragments from the internal, aclvancing margin of decay on potato- 
dextrose and Czapek's agar in Petri dishes. After 4 to 6 days, pure cultures 
were established on agar slants by mass transfers from Petri-dish colonies. 
The fungus was cultured at intervals from approximately 100 diseased 
strawflower plants. Single-spore cultures of some of these isolates readily 
segregated into tw^o classes, i.e.y conidial and mycelial types (Pig. 2, A and 
B), referred to by Hansen'^ as the dual phenomenon. These two types have 
been maintained unchanged through successive transfers for many months 
and appear to be highly stable. 


Fig. 2. Single-spore cultures of Yerticillium alho-atrum from strawflower, 16 days 
old, on Czapek ’s agar. A. Conidial type. B. Mycelial type. 

Eesults of studies on the morphology of the isolates from strawflower 
are in close agreement wdth the original description of Yerticillium alho- 
atriiui as given by Reinke and Berthold.^ The identity of the fungus Avas 
verified also by H. N. Hansen of this Division. 

The pathogenicity of the conidial and mycelial types of the fungus from 
strawflower was tested in the glasshouse. Inoculum, consisting of plate 
(uiltures of the fungus on Czapek^s agar, was added in uniform quantity to 
autoclaved soil in 6-in. pots, each containing a young strawflower plant (6 to 
»ITaiiBen, TI. K. The dual pheuomeuoii in imperfect fungi. Mycologia 30: 442-455. 

am. 

* Reinke, J ., and G. Berthold. Hie Zersetzung der Kartoffel dureh Pilze. UnterH. 
Rot. Lab. TJuiv. Gottingen 1: 1—100. 1879. (Wiegandt, Hempel, nnd Farcy. Berlin.) 
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8 ill. liigli), ill a manner designed to avoid wounding the roots. Sterile 
C 2 apek^s agar -svas used for the noninoculated controls. Twenty plants each 
were inoculated with the eonidial and mycelial types of the fungus^ with an 
equal number for controls. The plants w^ere grown at temperatures favor- 
able to infection (55 to 65° F.) and were watered moderately. Typical 
symptoms developed on inoculated plants in each series in from 4 to 5 w’-eeks 
and were identical with those encountered in the field (Fig. 3, B and C). 
At the end of the fifth week, all inoculated plants were infected, while the 
controls remained healthy (Fig. 3, A). The two types of the fungus which 
were reisolated proved identical with the original cultures. The reisolates 
of the two types again proved pathogenic in parallel inoculation tests. No 
difference in virulence between the eonidial and mycelial types could be 
detected as a result of these tests ; both were highly pathogenic. 



Fig. 3. Verticillium wilt of strawflower. A. Healthy control. B. and G. Arti- 
ficial infection after 5 ’weeks in the glasshouse, showing typical wilting symptoms. 


Tests -were conducted in the field and glasshouse for evidence of seed 
transmission of the fungus. Strawflower seeds from naturally infected 
straw^flower plants were treated in a 1-1,000 solution of mercuric chloride 
for 10 minutes, Avashed in tap water, dried, and then planted in flats of 
autoclaved soil in the glasshouse. Nontreated seeds also were planted for 
controls. From the treated lot of seed, 285 seedlings and from the non- 
treated lot 313 seedlings developed, all of which were free from infection. 
Approximately 100 seedlings from each lot were then transferred to 6-inch 
pots of autoclaved soil in the glasshouse and an equal number transplanted 
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ill tlie field at Berkeley, both lots being grown to inatnrity. All plants con- 
tinued healthy through the flowering period, and the results indicate that 
the fungus probably is not seed-borne. 

Limited inoculation tests were conducted in the glasshouse to determine 
the experimental host range of the straw^flower isolates of VerticilUum all)o- 
atrum. Infection ivas obtained on Acala cotton {Gossijpmm Jiirsiitiim L.), 
eggplant (Solamim melongena lj.), tomato {Ly cop ersimim esculent %tm Mill. 
AW. commune Bailey), and sunflower (Helianthus amnms L.). The f ol- 
io Aving plants AA^ere not infected; carnation {Dianthus caryophyllus Jj.), 
poppy anemone {Anemone cor onaria L.), horseradish {Armoracia misticana 
Gaertn.), Ge%im chiloense Balb., peach (Prunus persica Sieb. and Zuec.), 
potato (S. tuherosum L.), Turkish tobacco {NicoUana tahacum L,), snap- 
dragon {Antirrhinum, majusL.), encumber {Cucumis Canter- 

bury bells {Campanula medium lj,), Bomaine lettuce {Lactuca sativa L. var. 
longifolia Lam.), China aster {Callistephus chinensis Nees), English daisy 
{Beilis perennis L.), cineraria {Senecio cruentus and Eeliptenmi 

roseum Benth. 

CONTROL 

The verticillium wilt appears to be the chief limiting factor in the suc- 
cessful culture of straAA^flowers in California, other diseases, such as aster 
yelloAvs and mildews, being of minor importance. During the past decade, 
it has annually been customary for growers to use the same land for trans- 
planting of the new crop of strawflower seedlings. Since the causal organ-^ 
imij Verticillium albo-atrnm, a soil inhabitant and may persist in the soil 
for many years, obserA^ations showed that the disease has increased rapidly 
due to lack of proper rotation. Seed transmission of the organism has not 
been demonstrated and, therefore, control may be effected by using clean 
ground. In 1940, a small field of strawflowers at Montara, which had pre- 
viously not been planted with this crop, was free from the disease. 


SUMMARY 

A serious vascular wilt of strawflower plants, with its attendant loss in 
salable flowers, occurs on the coast of central California. 

The causal organism was identified as Verticillium albo-atrum, a common 
soil inhabitant. It readily segregated, upon single-sporing, into conidial 
and mycelial types. 

Young straAvflower plants Avere readily infected in 4 to 5 Aveeks under 
glasshouse conditions. 

The fungus apparently is not seed-borne. 

The straAvfloAA’-er isolates of the fungus were pathogenic to Acala cotton, 
eggplaiit, tomato, and sunflower. 

The disease can be controlled by using clean soil. 

Division of Plant Pathology, 

I 'niversity of California, 

Berkeley^ California. 


SALT ANTS FROM A MONOSPORIC CULTURE OP 
YERTieiLLIUM ALBO-ATRUM 

John T . Presley^ 

(Accepted for publication April 10, 1941) 

The oecurrence of saltants in fungi is by no means a new or unusual 
phenomenon. Many investigators have reported on these relatively per- 
manent changes in the appearance of fungi, and have in many instances 
shown differential pathogenicity between the parent and the saltant. It is 
the purpose of this paper to call attention to the frequent occurrence of 
saltants in a monosporic culture of Verticillmm albo-atnim Reinke and 
Eerthold, and its possible bearing on the taxonomy of the so-called species 
of this genus. 

The parent culture of Verticillium used in this study was obtained by 
isolating single spores from a stock culture isolated in 1938 from a diseased 
chrysanthemum plant in a greenhouse near University Farm, St. Paul, Min- 
nesota, and identified as F. albo-atrum. When grown on potato-dextrose 
agar in Petri plates occasional sectors were noted and by selective picking* 
of these sectors cultures were obtained that differed widely among themselves 
(Pig. 1) . In an effort to induce more rapid sectoring of the fungus various 
media were tried. The medium on which sectors appeared to be produced 
in greater abundance was of the following formula : 


MgSO, 

0.5 

g- 

' Asparagine 

1.5 

g- 

KH0PO4 

1.5 

i ( 

Dextrose 

20.0 


NH4NO, ................ 

0.05 

(t 

Agar 

20.0 

{ t 

Km, 

2.0 

( ( 

Distilled water .... 

1000 

ce. 


Each culture sectored freely, and a large number of cultural types was 
obtained, ranging from black to pure w^hite and from very fluffy to com- 
pletely submerged (Pig. 2). The production of mieroselerotia in the differ- 
ent cultures was also variable. In some cultures there were only blackened 
septate hyphae ; in others there were scattered, small mieroselerotia ; and in 
the black culture the mieroselerotia were relatively large and very numer- 
ous, giving the entire surface of the culture a gritty appearance. With 
such latitude in the ultimate appearance of an isolate of Verticillium it is 
highly probable that errors unwittingly have been made in assigning the 
specific name to a given culture of the fungus. 

To fully appreciate the importance of saltants to the taxonomic problems 
that have arisen, it may be desirable to recall some of the controversies that 
have developed. The genus was created in 1816 by Nees von Esenbeck (10) . 
Corda (4) erected the genus Acrostalagmus in 1838 to accommodate a imi- 
gm A. einnaharinus, which was said to differ from VerUcillmm by forming 
its spores in heads at the tips of the eonidiophore. Hoffman (5), however, 

1 The writer wishes to express his gratitude to Dr. E. C. Stakman for his aclviee and 
encouragement throughout the investigation and to other members of the Division of Plant 
Pathology, University of Minnesota, for assistance in various ways. 

Paper No. 1899,' Scientific Journal Series, Minnesota Experiment Station. 
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tlie spores of the two are produced or in the manner in which they 

unite in heads. In 1879, Eeinke and Berthold (12) isolated a fungms from 
potato plants affected by a disease referred to at that time as Krause] 
Krankheit,’' They accepted Hoffman’s views and referred the organism 
they had just isolated to the genus calling it V. albo-atrum. 

Ill 1913 Klebahn (6) isolated V. dahliae from dahlia plants, and believed it 
sufficiently distinct from V. alho-atnim. to entitle it to specific rank. 
Although, as van der Lek (7) has pointed out, the difference between the 
two organisms in culture is very slight; a number of authors have accepted 
Klebahn ’s work. " 

In his paper Klebahn admits that certain of the morphological and cuh 
tural characteristics by which he distinguished between his organism and 
V. all)o~atrum are of little importance. The principal difference betiveen 
them appears to be in the abundant production of true microsclerotia by 
F. dahliae and the complete absence of such structures in cultures of V. 
albo-atnmi. 

Kef erring to morphological changes in his cultures Rudolph (13) writes, 
^tl have cultures of Verticilliuni which once produced dense masses of blackj 
carbonized hyphae in culture and others which produced sclerotia in such 
quantity that these bodies formed a continuous, gritty crust on the surface 
of the medium. With continued cultivation on artificial media these strains 
have largely lost their ability to produce black mycelium and sclerotia. The 
colonies now consisting of cottony white mycelium with little or no darken- 
ing of the medium by black hyphae or sclerotia. In some cultures, spore 
production has been suppressed.” Other workers have reported changes 
in morphology, supposedly brought about by continued cultivation on arti- 
ficial media (Chaudhuri (3), van der Lek (7), Pethybridge (11). Also, 
Bewley (1) reports having isolated 6 strains of V. alho-atrum from plants 
suffering hadromycosis, in which the amount of sclerotia in culture varied, 
according to his standard, from 0 per cent to 100 per cent. From his inocu- 
lation studies with these strains he concluded that there was some evidence 
that virulence is distinctly associated with the amount of sclerotia or carbon- 
ized hyphae produced. 

For the reasons just given it is not easy to accept the slight morphological 
differences ascribed to some of the so-called species of Verticillmm as suffi- 
cient claim for specific rank for them. Moreover, the wide range of variabil- 
ity in the appearance, as well as in measurements, of the mycelium, conidio- 
phores, conidia, etc, of the saltants the writer has obtained compels him to 
agree with Rudolph’s (13) conclusions in regard to the taxonomy of the 
genus Verticillium^ and to further suggest that most of the ^^strains” and 
^‘forms” of the genus are merely variants of the species albo-atrum and 
shoidd be designated as such. For instance, Bewley ’s (1) 6 strains of albo- 
(lirum, as based on microselerotial production, have tluur counterpart in the 
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cultures selected from sectors of a moiiosporic culture. All of the forms of 
van Beyma Thoe Kiiigma (2), based upon mierosclerotial characters, appear 
to be represented in the array of cultures derived from a single spore. 
Should we accept the above cited descriptions that V. aVbo-atrum forms dark 
mycelial colonies, whereas V. dahliae forms abundant microsclerotia, we are 
still faced with the fact that both of these types are obtainable from a mono- 
sporic culture of F. albo-atnm. 

The writer believes that the cultural changes in Verticillium, as reported 
by Chaudhuri, van der Lek, Pethybridge, and Eudolph, might easily have 
occurred as a result of sectoring and unconscious selection toward a ^Hype’’ 
in successive transfers of the organism. Since the raised, white type of 
growth is most convenient to the transfer needle, it is not surprising that the 
subsequent cultures ^‘lost their ability to produce black mycelium,” and that 
‘^the colonies now consist of cottony white mycelium with little or no dark- 
ening of the medium by black hyphae. ’ ’ 

The various cultures herein reported have retained their characteristics 
through many transfers and, with the exception of additional sectors that 
still occur, have remained remarkably constant in growth habits and in 
general appearance. 

Univeesity Faem, St. Paul, Minnesota. 
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Resistance to the Common Mosaic Disease of I’o&acco.— During recent 
years two types of resistance to the tobacco-mosaic disease have been de- 
scribed. In 1933, Nolla and Roque^ reported that the Ambalema variety of 
tobacco, obtained m Colombia, South America, was resistant to common 
mosaic. Since then many mosaic-resistant collections have been secured 
from the same ^ea and a few, such as T. I. 448, were more resistant than 
Ambalema. > This resistance, which can be conveniently referred to as the 
mbalema type, is dependent on two recessive pairs of genes. In 1938 
Holmes^ reported on tobacco-mosaic resistance obtained by crossing Nicoti 
ana talacum with N. glutinosa. The glutinosa type of mosaic reaction was 
shown to depend on a single dominant pair of genes. Commentators in vari- 
ous countries— Brazil, Australia, England, and Russia— have generally 
taken the view that the glutinosa type of mosaic resistance was greatly 
preferable to the Ambalema type because it resulted in the complete elimi- 
nation of the virus in the infected plant. Sinith^ and Bawden,® in recently 
discussing resistance to tobacco-mosaic disease, mention only the glutinosa 
type. These and other writers refer to this as a local necrotic lesion reaction 
Holmes, however, very definitely described his mosaic resistant tobacco as 

avmg a necrotic type of response, ’ ’ which might remain localized in the 
older plants. 

Breeding tobaccos resistant to mosaic is a matter of great importance, 
j e practical merits of Ambalema and glutinosa- resistance can be de- 
cided only by actual field tests. Such tests were conducted in 1939 and 1940 

resistance, when field-inoculated 

with the mosaic virus, developed systemic necrosis freely and rapidly. 
Many were completely killed, and some of the plants affected were even 
approaching maturity. It appears, therefore, that the typical field reaction 
IS systemic necrosis and not local necrotic lesions. Such genotypes should 
logically be considered as highly susceptible, while ordinary tobacco is by 
tolerant. Studies by one of the writers (McKinney) show 
that high temperatures favor necrosis in tobacco carrying glutinosa factors 
and temperatures producing necrosis are common during the summer in the 

mosaic. Jour. Bept’ ■ ^1^303^^ 1933 °*^^*^*^° resistant to ordinary tobacco 

resista^tX';’ti?na'virusT^S^^^^ Te taMcu.i 

topaST 553-5?6. tobacco-mosaic disease in tobacco. Pby- 

5 Smith, K. M. The virus: life's enemy. 1940. 

247. breeding for disease resistance. Chron. Botanica 6: 
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Fig. 1. Tobacco plants inoculated with common mosaic virus on July 23, 1940, a 
month before the picture was taken. The plant on the left (A) had the Ambalema type 
of mosaic resistance and the only result from the inoculation was a few diffuse spots on 
the basal leaves. The plant on the right (B) had the glutinosa type of mosaic reaction. 
Six days after inoculation it showed stem necrosis and soon was completely dead. The 
plants were of the same age and size, approximately 2 feet high, at the time of inoculation. 


work kas been done under ratber cool greenhouse conditions. It is certainly 
true that if a genotype could be developed with a completely localized 
necrotic reaction, this would be a satisfactory form of mosaic resistance. 
However, tbe prospects for aebieving this do not appear promising. There- 
fore, under tobacco-producing conditions that prevail in this country, it 
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hiajor tobacco-producing areas of this country. Many of the glutinosa- 
tobacco hybrids, furthermore, are killed outright at a lower temperature, 
and over a wider plant age range, than is the ease with the N. glutinosa 
parent. The widespread impression that the glutinosa reaction in tobacco 
is limited to the local lesion type is probably due to the fact that much of the 
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University of Wisconsin. Madison, Wisconsin. ' 


